This review investigates the association between positive psychological well-being (PPWB) and cardiovascular disease (CVD). We also consider the mechanisms by which PPWB may be linked with CVD, focusing on the health behaviors (e.g., smoking, alcohol consumption, physical activity, sleep quality and quantity, and food consumption) and biological functions (e.g., cardiovascular, inflammatory, and metabolic processes) that are most relevant for cardiovascular health. Because PPWB is a broad concept, not all aspects of PPWB may be associated with cardiovascular health. Thus, we distinguish between eudaimonic well-being, hedonic well-being, optimism, and other measures of well-being when reviewing the literature. Findings suggest that PPWB protects consistently against CVD, independently of traditional risk factors and ill-being. Specifically, optimism is most robustly associated with a reduced risk of cardiovascular events. In general, PPWB is also positively associated with restorative health behaviors and biological function and inversely associated with deteriorative health behaviors and biological function. Cardiovascular health is more consistently associated with optimism and hedonic well-being than with eudaimonic well-being, although this could be due in part to more limited evidence being available concerning eudaimonic well-being. Some similarities were also evident across different measures of PPWB, which is likely due to measurement overlap. A theoretical context for this research is provided, and suggestions for future research are given, including the need for additional prospective investigations and research that includes multiple constructs of psychological well-being and ill-being.
Scholars have long recognized the connection between mental health and physical health. From the ancient Roman poet Juvenal who declared, "A healthy mind in a healthy body," to early 20th century psychoanalysts who investigated the connection between mental states and physiology (Menninger & Menninger, 1936) , and to researchers in the late 20th century seeking to identify disease-prone personalities (H. S. Friedman & Booth-Kewley, 1987; Rosenman et al., 1964) , the complex relationship between psychological attributes and physical ailments has been the subject of fascination across time. Although past research has predominantly focused on the relationship between poor psychological functioning (e.g., anxiety, depression, hostility) and physical health, increasing research also suggests that a protective relationship exists between positive psychological functioning and physical health (Diener & Chan, 2011; Pressman & Cohen, 2005) . Because the effects of psychological well-being and psychological ill-being are not merely opposites of one another and the absence of one does not necessarily indicate the presence of the other (Ryff et al., 2006; Ryff & Singer, 1998) , it is critical to consider each separately in relation to health. Thus, we specifically investigate the relationship between positive psychological well-being (PPWB)-a broad construct that includes indicators such as life purpose, personal growth, positive emotion, life satisfaction, happiness, and optimism-and cardiovascular disease (CVD), which encompasses two of the leading causes of death in the United States: coronary heart disease (CHD) and stroke (Heron et al., 2009) .
Although PPWB has been linked with a range of health outcomes, the present review focuses exclusively on cardiovascular health. Besides being a major contributor to mortality and disease globally, CVD has been commonly investigated in relation to PPWB, and thus a sufficient amount of evidence has accumulated from which to draw conclusions. Moreover, disease onset or CVD diagnosis can be identified with a straightforward set of criteria comprising objective endpoints and disease-related markers. This makes it possible to examine PPWB's effects on the onset versus the progression of disease with study designs that reduce concerns about reverse causality. Previous reviews have considered the association between ill-being and CHD (Chida & Steptoe, 2009; Kubzansky, Kawachi, Weiss, & Sparrow, 1998; Rugulies, 2002; Suls & Bunde, 2005) or PPWB and general physical health (Diener & Chan, 2011; Dockray & Steptoe, 2010; Howell, Kern, & Lyubomirsky, 2007; Lyubomirsky, King, & Diener, 2005; Pressman & Cohen, 2005; Steptoe, Dockray, & Wardle, 2009 ), but this is the first review that exclusively emphasizes the role of PPWB in the context of cardiovascular health.
In addition to considering CVD, we review evidence regarding potential pathways linking PPWB and CVD. Behavioral and biological mechanisms are the two most prominent pathways by which psychosocial factors may influence disease-related outcomes. However, most research to date has focused on how PPWB is associated with the absence of unhealthy behaviors or biological dysfunction. Less attention has been paid to whether PPWB is associated with the presence of healthy behaviors (e.g., adequate sleep, fruit and vegetable consumption) or biological function (e.g., autonomic cardiac control, antioxidants). In addition to examining the association between PPWB and deteriorative processes, we examine the association between PPWB and restorative processes that may protect against CVD. This is consistent with the American Heart Association's recent emphasis on ideal cardiovascular health, which is defined by more than just the absence of risk factors (Lloyd-Jones et al., 2010) .
Furthermore, previous reviews have primarily focused on positive affect (for an exception, see Rasmussen, Scheier, & Greenhouse, 2009) . In contrast, we take a broad perspective on PPWB and consider a wide range of positive constructs that we classify by the dominant theoretical approaches to well-being. Little work to date has distinguished between different indicators of PPWB (e.g., Chida & Steptoe, 2008) or considered whether some constructs have stronger associations with cardiovascular health than others. However, because PPWB comprises diverse indicators, it is reasonable to expect that unique constructs may have different associations with CVD-related outcomes. Thus, we seek to identify those aspects of PPWB that are specifically associated with cardiovascular health.
Theoretical Perspectives on PPWB
PPWB reflects the positive feelings, cognitions, and strategies of individuals who function well in their life and evaluate their life favorably. Two distinct theoretical approaches characterize wellbeing research-namely, eudaimonic and hedonic well-being. Both eudaimonia and hedonia stem from Aristotle's philosophizing about what constitutes the good life, but applying centuries-old philosophical definitions to modern day psychological science is not without its difficulties. Today, eudaimonic well-being is typically defined as fulfilling one's potential and identifying meaningful life pursuits (Waterman, 2007) . By contrast, hedonic wellbeing refers to the pursuit of pleasure and happiness (Waterman, 2008) . Eudaimonic well-being emphasizes an individual's evaluations of functioning in life, whereas hedonic well-being emphasizes an individual's evaluations of feelings regarding life (Keyes & Annas, 2009; Ryan, Huta, & Deci, 2008) . Some skepticism exists regarding the degree to which eudaimonic and hedonic well-being can be meaningfully separated because they may overlap conceptually and share underlying psychological mechanisms (Kashdan, Biswas-Diener, & King, 2008) . However, other research suggests that a distinction can be made (Keyes & Annas, 2009; Keyes, Shmotkin, & Ryff, 2002; Linley, Maltby, Wood, Osborne, & Hurling, 2009; Ryff & Keyes, 1995) .
Other positive factors may be considered under the broad category of PPWB but are not easily classified into the eudaimonic or hedonic approaches to well-being. These include constructs like optimism and vitality, which may contain elements of both eudaimonic and hedonic well-being, but are not pure measures of either. Such constructs have been strongly linked to PPWB and fit within a broad perspective that seeks to characterize relevant positive feelings, cognitions, and strategies that are associated with positive functioning ). These constructs have also been linked with cardiovascular health. Thus, we explicitly consider relevant PPWB constructs that may not easily fit within a hedonic or eudaimonic framework. Although we do our best to distinguish between the dominant theoretical perspectives of wellbeing when reviewing the association between PPWB and cardiovascular health, given the true correlation between eudaimonic well-being, hedonic well-being, optimism, and other aspects of well-being, as well as difficulties in drawing clear distinctions in assessment, we expect to find that multiple constructs of PPWB are associated with better cardiovascular health. Table 1 describes the typical measures of PPWB used in studies of cardiovascular health. 1
Eudaimonic Well-Being
Work by Ryff and colleagues (e.g., Ryff & Keyes, 1995) exemplifies a eudaimonic perspective on well-being. They propose that six distinct components form the basis of psychological wellbeing: purpose in life, personal growth, self-acceptance, positive relations, environmental mastery, and autonomy. These components may be related but have unique meanings. Having life purpose is to have goals for one's life and to find meaning in what one does. The Japanese concept of ikigai-having a life worth living-is similar. Having a sense of personal growth is to recognize the self as capable of improvement over time and to seek to fulfill one's potential. Having self-acceptance is to have a positive opinion about one's self and to recognize both one's positive and one's negative characteristics. Having positive relations is being able to maintain warm and trusting relationships with other people and to recognize the needs of others. 2 Having environmental mastery is to competently manage and control one's environment, as well as identify environments to which one is well-suited. Finally, having autonomy is being able to independently evaluate and regulate one's behavior without being unduly influenced by external pressures. Taken together, these theoretically based components comprise a multidimensional conceptualization of eudaimonic well-being. (Scheier et al., 2006) : ␣ ϭ .72-.87; test-retest reliability ϭ .61-.76 across 4 months; e.g., "I value my activities a lot."
• 20-item and 3-item Purpose in Life Scale (Ryff, 1989; Ryff & Keyes, 1995) : ␣ 20 item ϭ .90; ␣ 3 item ϭ .33; test-retest reliability 20 item ϭ .82 across 6 weeks; e.g., "I have a sense of direction and purpose in my life."
• 20-item Purpose in Life Test (Crumbaugh, 1968; Crumbaugh & Maholick, 1964) : split-half reliability corrected with Spearman Brown formula ϭ .90; test-retest reliability ϭ .83 across 1 week (Meier & Edwards, 1974) ; e.g., "In life I have: no goals or aims . . . clear goals and aims."
Personal growth
The extent to which individuals seek to realize their full potential and recognize that the self is constantly developing
• 20-item and 3-item Personal Growth Scale (Ryff, 1989; Ryff & Keyes, 1995) : ␣ 20 item ϭ .87; test-retest reliability 20 item ϭ .81 across 6 weeks; e.g., "I have the sense that I have developed a lot as a person over time."
Self-acceptance b The extent to which individuals hold favorable views of the self • 20-item and 3-item Self-Acceptance Scale (Ryff, 1989; Ryff & Keyes, 1995) : ␣ 20 item ϭ .93; test-retest reliability 20 item ϭ .85 across 6 weeks; e.g., "I like most parts of my personality."
Environmental mastery
The extent to which individuals effectively manage their environments or perceive life as being under their control
• 20-item and 3-item Environmental Mastery Scale (Ryff, 1989; Ryff & Keyes, 1995) : ␣ 20 item ϭ .90; test-retest reliability 20 item ϭ .81 across 6 weeks; e.g., "In general, I feel I am in charge of the situation in which I live."
• 7-item Personal Mastery Scale (Pearlin & Schooler, 1978) : ␣ ϭ .69 (T. E. Seeman, 1991) ; e.g., "I can do just about anything I really set my mind to do."
• 23-item force-choice Internal-External Locus of Control Scale (Rotter, 1966) : split-half reliability corrected with Spearman Brown formula ϭ .73; e.g., "In my case getting what I want has little or nothing to do with luck. Or, many times we might just as well decide what to do by flipping a coin."
• 187-item Shapiro Control Inventory (Shapiro, 1994) : ␣ ϭ .70-.89 for the scales in the inventory; test-retest reliability ϭ .67-.93 across 6 weeks for the scales in the inventory.
Autonomy
The extent to which individuals act independently without concern for external pressures
• 20-item and 3-item Autonomy Scale (Ryff, 1989; Ryff & Keyes, 1995) : ␣ 20 item ϭ .86; test-retest reliability 20 item ϭ .88 across 6 weeks; e.g., "I am not afraid to voice my opinions, even when they are in opposition to the opinions of most people."
• 12 items from the General Causality Orientations Scale (Deci & Ryan, 1985) : ␣ ϭ .74; test-retest reliability ϭ .75 across 2 months; e.g., "You have been offered a new position in a company where you have worked for some time.
The first question that is likely to come to mind is: I wonder if the new work will be interesting, will I make more at this position, or what if I can't live up to the new responsibility." Ikigai
The extent to which individuals have a sense that life is worth living • Single item: "Do you have ikigai in your life?" (Sone et al., 2008; Tanno & Sakata, 2007) Hedonic well-being
Happiness
The extent to which individuals consider themselves a happy or unhappy person
• 4-item Subjective Happiness Scale (Lyubomirsky & Lepper, 1999) : ␣ ϭ .79-.94; test-retest reliability ϭ .55-.90 across 3 weeks to 1 year; e.g., "In general, I consider myself: not a very happy person or a very happy person."
Satisfaction with life
The extent to which individuals judge the overall quality of their life to be satisfactory
• 5-item Satisfaction With Life Scale (Diener, Emmons, Larsen, & Griffin, 1985; Pavot & Diener, 2008) : ␣ ϭ .87; test-retest reliability ϭ .82 across 2 months; e.g., "In most ways my life is close to my ideal." Positive affect c The extent to which individuals experience pleasurable feelings • 10 items from the Positive and Negative Affect Schedule d,e (Watson & Clark, 1994; Watson, Clark, & Tellegen, 1988) : ␣ ϭ .88; test-retest reliability ϭ .68 across 8 weeks; e.g., "enthusiastic."
• 5 items from the Affect Balance Scale f (Bradburn, 1969) : ␣ ϭ .65 (Harding, 1982) ; e.g., "particularly excited or interested in something."
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Previous theoretical models regarding the association between positive psychological factors and health have largely been based on the literature linking psychological ill-being and health. Moreover, most theoretical models have emphasized a disease model of health-that is, they assume that the absence of unhealthy behaviors or disease-related biological markers is indicative of health. A focus on the absence of deteriorative processes in the context of disease has overshadowed the potential role of restorative processes (Pressman & Cohen, 2005; Smith & Baum, 2003) . We posit that the relationship between PPWB and CVD is mediated by both the presence of restorative processes and the absence of deteriorative processes and propose a theoretical model to reflect this expanded approach (see Figure 1 ). PPWB is expected to be associated with engaging in restorative health behaviors like consuming fruits and vegetables and getting 8 hr of sleep each night, as well as markers of restorative biological function like serum antioxidants (Smith & Baum, 2003) . Furthermore, PPWB is expected to be associated with a lower likelihood of engaging in deteriorative health behaviors like smoking and excessive alcohol consumption, as well as less biological dysfunction like inflammation.
In fact, many behavioral and biological factors lie on a continuum from restorative to deteriorative (e.g., ranging from frequent physical activity to complete inactivity or from low to high levels of cholesterol; Figure 2 ). However, some factors may be nonlinear, such that different levels have restorative or deteriorative effects on cardiovascular health (e.g., moderate (Scheier & Carver, 1985; Scheier et al., 1994) : ␣ 8 item ϭ .76; ␣ 6 item ϭ .78; test-retest reliability 8 item ϭ .79 across 1 month; test-retest reliability 6 item ϭ .68-.79 across 4 to 28 months; e.g., "In uncertain times, I usually expect the best."
Vitality
The extent to which individuals display enthusiasm for life • 7-item Subjective Vitality Scale (Ryan & Frederick, 1997) : ␣ ϭ .84-.86; testretest reliability ϭ .64 across 8 weeks; e.g., "I feel alive and vital." a Other indices of PPWB have been derived from depression measures (e.g., the Center for Epidemiologic Studies Depression Scale; Radloff, 1977) because they were often one of the few psychosocial factors included in studies of cardiovascular disease. b Although self-acceptance is highly correlated with traditional measures of self-esteem, they are considered distinct constructs, and both are often used in the same study (Paradise & Kernis, 2002; Ryff, 1989) .
In this review, we only consider self-esteem if it is included in a composite with other well-being measures. c Most studies assessed trait positive affect in a single instance; however, occasionally studies measured positive affect repeatedly with either ambulatory methods, daily diaries, ecological momentary assessment, or the day reconstruction method (Kahneman, Krueger, Schkade, Schwarz, & Stone, 2004) . d The original positive affect scale was designed to be independent of negative affect and thus emphasized activated emotions like "active." An expanded version subsequently added conventional positive emotions like "happy." e Different time frames can be used when administering the Positive and Negative Affect Schedule to assess state or trait affect. Most studies considered trait PPWB rather than state PPWB. Studies that considered state PPWB (i.e., current well-being) are specified in Table 2 or in the text. f Studies that used the total Affect Balance Scale (i.e., negative affect score subtracted from positive affect score) or similar affect measures (e.g., McAuley et al., 2007) were not included because they represent a balance between positive and negative affect rather than positive affect exclusively. g Another perspective on optimism relates to the attributions that individuals make regarding past negative or positive events (i.e., explanatory style). The association between an optimistic disposition and an optimistic explanatory style is modest (Peterson & Vaidya, 2001 ), suggesting that the two approaches to optimism are similar but emphasize different aspects of the construct (Carver et al., 2010) . h The Life Orientation Test can yield either a total sum score with higher values indicating greater optimism or an optimism subscale and a pessimism subscale. We considered studies that reported findings for either the total sum score or the optimism subscale, but not the pessimism subscale.
versus excessive alcohol consumption). Additionally, some factors may clearly have primarily restorative (e.g., meditation) or deteriorative effects (e.g., cigarette smoking, atherosclerosis), whereby the absence of a process does not confer either deterioration or restoration. For biological markers in particular, researchers have yet to establish whether there are levels that might be restorative in relation to cardiovascular health rather than simply marking the absence of a deteriorative process (i.e., "normal" levels). Thus, at present, when considering their role in relation to PPWB and CVD, the appropriate continuum for many of these markers may be from nondeteriorative to deteriorative, and whether there is a restorative level per se remains to be determined. Although current knowledge is somewhat limited in terms of identifying processes that may enhance cardiovascular health, we believe that this reflects a lack of attention to this domain rather than that there is only a narrow set of restorative processes.
Another component of the model depicted in Figure 1 relates to the role of stress. PPWB could either directly reduce levels of experienced stress and/or could buffer the effects of stress . The notion that PPWB may buffer the effects of stress has received somewhat more empirical attention. For example, in several experiments, Fredrickson and colleagues demonstrated that cardiovascular reactivity following an initially stressful situation (e.g., preparing a speech) returned to baseline more quickly among individuals who experienced a positive mood than among individuals who experienced a neutral mood (Fredrickson & Levenson, 1998; Fredrickson, Mancuso, Branigan, & Tugade, 2000) . Less work has directly tested whether greater PPWB may mitigate the effect of stress on the likelihood of engaging in deteriorative health behaviors (e.g., consuming fatty and sugary food).
This review focuses specifically on evidence for an association between PPWB and CVD, as well as between PPWB and the restorative and deteriorative processes (i.e., health behaviors and biological function) involved in cardiovascular health. We also examine the extent to which the causal direction of the relationships can be determined. For the sake of simplicity, we do not indicate reverse causality in Figure 1 (or review studies depicting the reverse causal direction); however, this is not Although the majority of health behaviors and biological function lie on a continuum from restorative to deteriorative, some may be nonlinear (e.g., too little or too much sleep is inversely associated with cardiovascular disease). For ease of presentation, such nonlinear relationships are not explicitly depicted in the model. In addition, the absence of arrows does not indicate that pathways do not exist but does indicate that they are not the focus of the present research.
intended to suggest that it is not a possibility. Similarly, few studies of PPWB and cardiovascular health explicitly address the question of whether PPWB directly influences stress levels or buffers the effects of stress. As a result, these issues are rarely addressed in the review but remain to be evaluated in future research. In sum, the proposed model is a simplification of how these processes likely operate in the real world.
Definition and Measurement of CVD, Health
Behaviors, and Biological Function
Disease-Related Endpoints
CVD generally represents a class of diseases such as CHD and cerebrovascular disease (i.e., stroke) that share similar physiolog- Figure 2 . Health behaviors and biological function associated with cardiovascular disease. Processes in gray are expected to be associated with positive psychological well-being, but no empirical evidence is yet available to support such predictions. Although many processes lie on a continuum from restorative to deteriorative (e.g., physical activity to physical inactivity), some may range from nondeteriorative to deteriorative (e.g., triglycerides), and others may be nonlinear (e.g., no versus moderate versus excessive alcohol consumption) or clearly deteriorative (e.g., cigarette smoking). ical mechanisms. CHD can be characterized by fatal CHD (death occurring within 24 hr of a myocardial infarction [MI]), nonfatal MI, and angina. Specific events like MI and stroke are considered "hard" outcomes because they are assessed by medical tests such as electrocardiograms, cardiac enzymes, and angiography. In contrast, a diagnosis of angina is based on self-reported pain and symptoms, which is considered a "soft" outcome because it is potentially confounded by self-report bias.
Although the physiological pathways leading to an initial cardiovascular event are similar to the physiological pathways leading to a secondary cardiovascular event, we review evidence regarding initial and secondary events separately. That is, studies with healthy populations are discussed separately from those with patient populations to account for PPWB's potentially distinct effects in the onset and progression of disease. PPWB may matter for both the onset and progression of disease or may differ based on the initiation versus exacerbation of disease.
Health Behaviors
Outcomes related to health behaviors are nearly all self-reported; we specify when objective assessments are used instead. Because most health behaviors are assessed on a continuum from restorative to deteriorative (e.g., healthy to unhealthy diet), we review studies without explicitly classifying behaviors as restorative or deteriorative. However, for those behaviors that have nonlinear associations with cardiovascular health (i.e., alcohol consumption, sleep quantity) or that are clearly deteriorative (i.e., cigarette smoking), we review studies according to whether the behavior measured is restorative or deteriorative. Meditation and vitamin consumption are included in Figure 2 but are not discussed further as no research has examined whether PPWB is associated with being more or less likely to meditate or take vitamins. Moreover, some research examines specialized populations (e.g., smokers) to see whether PPWB improves prior behavior, whereas other research examines healthy populations to see whether PPWB is related to initiating healthy behaviors or reducing unhealthy behaviors. Similar to the distinction between disease onset and progression, effects of PPWB on behaviors may differ depending on health status. However, because no review to date has compiled this research broadly, we include both types of studies and note the sample when relevant, but we recognize that processes may not be identical across samples.
Cigarette smoking.
Smoking status is assessed by asking whether individuals are currently, were previously, or ever have been smokers. It is well-established that smoking has detrimental consequences for CVD, with evidence coming from epidemiologic studies (Ambrose & Barua, 2004; Willett et al., 1987) and statements from the American Heart Association (Ockene & Miller, 1997) .
Alcohol consumption. Epidemiologic studies suggest that there is a U-shaped relationship between alcohol consumption and CVD risk, whereby low to moderate levels of alcohol consumption (typically defined as no more than 21 alcoholic drinks per week for men and 14 alcoholic drinks per week for women) are associated with a reduced risk of CVD and heavy alcohol consumption is associated with an increased risk of CVD (Elkind et al., 2006; Ikehara et al., 2008; Stampfer, Colditz, Willett, Speizer, & Hennekens, 1988) . Given that the amount of alcohol consumed is critical to cardiovascular health, we review studies based on a classification of self-reported restorative drinking (i.e., little to moderate consumption) and deteriorative drinking (i.e., excessive or problematic drinking, especially in underage samples). 3 Physical activity. Physical activity is typically assessed by asking participants to indicate the extent to which they engage in light, moderate, or vigorous activity. Substantial evidence suggests that increased physical activity is associated with decreased risk of CVD (Nocon et al., 2008; Shiroma & Lee, 2010) and that inactive or sedentary lifestyles are associated with increased risk (Katzmarzyk, Church, Craig, & Bouchard, 2009; Stamatakis, Hamer, & Dunstan, 2011) .
Sleep quality.
Sleep quality is usually assessed via selfreport. Poor sleep quality, which is often assessed with symptoms of insomnia (e.g., restless sleep, trouble falling asleep or staying asleep, waking up tired), has been associated with incident CVD (Phillips & Mannino, 2007; S. W. Schwartz et al., 1998) and the recurrence of cardiac events in CHD patients (Leineweber, Kecklund, Janszky, Akerstedt, & Orth-Gomer, 2003) .
Sleep quantity.
Sleep quantity has been characterized as restorative (adequate) or deteriorative (inadequate or excessive) and is typically assessed via self-report, although occasionally researchers use a small wrist sensor (i.e., a sleep actigraph) to measure sleep duration objectively. Especially short (6 hr or fewer per night) or long (9 hr or more per night) sleep duration is associated with increased CVD risk (Ayas et al., 2003; Cappuccio, Cooper, D'Elia, Strazzullo, & Miller, 2011; Shankar, Koh, Yuan, Lee, & Yu, 2008) . Thus, we review studies based on the classifications of adequate or inadequate/excessive sleep duration.
Food consumption.
Dietary intake is routinely assessed through self-reported food frequency questionnaires. Food consumption encompasses diverse outcomes including restorative food intake such as fruits, vegetables, and fiber, as well as deteriorative food intake such as high fat food and refined sugar. Some studies combine food outcomes into dietary "patterns," whereas others separate food-related outcomes and examine individual associations with disease outcomes. Regardless, substantial evidence suggests that healthy food intake is inversely associated with CVD, and unhealthy food intake is positively associated with CVD (Hu et al., 2000; Hu & Willett, 2002; Mente, de Koning, Shannon, & Anand, 2009 ).
Biological Function
Outcomes related to the underlying biological processes of CVD are considered relatively objective endpoints because they are assessed with well-established medical tests. Atherosclerosis and calcification are underlying disease processes that lead to CVD, and they can be measured to assess the level of atherosclerotic burden; such measurements are often used as surrogate or predisease indicators of CVD risk. Heart rate variability (HRV; an indicator of autonomic cardiac control), blood pressure (BP), and heart rate are measures of cardiovascular function. Other biological measures include markers of inflammation, endothelial function, and metabolic function. An exception to objectively assessed biological markers is body mass index (BMI), which is an indicator of metabolic function. When objective measures of weight and height are unavailable, some studies use self-reported weight and height to calculate BMI.
Biological markers may indicate deteriorative, nondeteriorative (i.e., in the normal range), or restorative processes, depending on the level. However, much of the research to date has focused on whether PPWB protects from deteriorative processes rather than enhances restorative ones. Indeed, no known standards indicate whether certain levels signal anything desirable beyond the absence of deteriorative processes or, in other words, superior biological functioning. Although autonomic cardiac control and highdensity lipoprotein (HDL) cholesterol are often discussed as potentially "good" biological markers (Segerstrom & Nes, 2007; Toth, 2005) , they still lie on a continuum of low to high where it is unclear whether benefit exists beyond "normal" levels. Other biological markers like serum antioxidants are also associated with a reduced risk of CVD, but to date no research has investigated their association with PPWB. Thus, with the exception of atherosclerosis and calcification (for which any level signals deterioration), we review the evidence in the context of a continuum ranging from deteriorative to nondeteriorative.
Atherosclerosis and calcification.
Atherosclerosis occurs when an artery wall thickens due to the buildup of fatty materials resulting from endothelial injury, production of adhesion molecules, stickiness of platelets, increases in proinflammatory cytokines, and lipid accumulation in plaque. Such plaque may narrow and/or rupture the arteries, causing an insufficient blood supply to the tissues and organs or a clot that could abruptly slow or stop blood flow. Coronary artery calcification occurs with other atherosclerotic processes and refers to the thickening of the arteries due to calcium buildup. Both atherosclerosis and calcification indicate an increased risk of CVD (Black & Garbutt, 2002; Wexler et al., 1996) and are exclusively deteriorative.
Autonomic cardiac control. The sympathovagal balance in the autonomic innervation of the heart predicts the risk of adverse cardiac events. Sympathetic activity decreases the threshold for cardiac dysfunction, whereas vagal (parasympathetic) activity raises the threshold and protects against various forms of dysfunction (Thayer & Lane, 2007; van Ravenswaaij-Arts, Kollee, Hopman, Stoelinga, & van Geijn, 1993; Wharton, Coleman, & Strauss, 1992) . HRV provides a noninvasive measure of sympathovagal balance, and low levels serve as a marker for an increased risk of cardiac death (G. J. Martin et al., 1987; Mølgaard, Sorensen, & Bjerregaard, 1991; Thayer & Lane, 2007) . Vagal tone may be assessed with measures of respiratory sinus arrhythmia or by the high frequency components of HRV (Thayer & Lane, 2007) .
Cardiovascular function. BP and heart rate are indicators of cardiovascular function. High BP is one of the most important risk factors for CVD (Chobanian et al., 2003) . Normal tonic heart rate indicates appropriate sympathovagal balance (Uijtdehaage & Thayer, 2000) ; high heart rate indicates autonomic imbalance and is associated with elevated cardiovascular morbidity and mortality (Brook & Julius, 2000; Thayer & Lane, 2007) .
Inflammation and hemostasis. Several inflammatory biological markers have been used as markers of CVD risk. High levels of C-reactive protein (CRP) are indicative of chronic inflammation and are consistently associated with an increased risk for adverse cardiac outcomes (Danesh et al., 2004; Pearson et al., 2003; Pradhan, Manson, Rifai, Buring, & Ridker, 2001) . Interleukin-6 (IL-6) is a proinflammatory cytokine that promotes production of CRP, that increases in response to acute stress, and that has also been linked with risk of CVD (Black & Garbutt, 2002; Steptoe et al., 2009) . Similarly, soluble IL-6 receptor (sIL-6r) is another proinflammatory factor. Fibrinogen is a precursor to fibrin that can form stable clots and increase coagulation and blood viscosity. One study has also considered PPWB in relation to a nonstimulated "healthy" inflammatory response or circulating anti-inflammatory marker (e.g., interleukin-4, interleukin-10, interleukin-12), and we mention it briefly. Most studies assess circulating levels of inflammatory biomarkers rather than stimulated cytokines. Limited work has considered other biological markers of immunosenescence (e.g., telomere length) or hemostasis (e.g., D-dimer).
Metabolic function. Metabolic function refers to chemical reactions that enable individuals to function and respond to their environment. Metabolic markers that are of particular relevance for cardiovascular health include glucose, lipids, and BMI. Glycosylated hemoglobin (HbA 1c ) indicates blood glucose concentrations and reflects how well glucose levels are controlled over time (American Diabetes Association, 2008) . Monitoring HbA 1c can identify people at risk for CVD in healthy populations and people who are prediabetic or diagnosed with diabetes (Gerstein, 2004; Khaw et al., 2004; Muntner et al., 2005) . Lipids include total cholesterol, HDL cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides. The increased risk of CVD due to unhealthy lipid levels (i.e., high levels of total cholesterol, low levels of HDL cholesterol, high levels of LDL cholesterol, and high levels of triglycerides) is well-established (Gordon, Castelli, Hjortland, Kannel, & Dawber, 1977; Sarwar et al., 2007; Stamler et al., 2000) . BMI has also been identified as a risk factor for CVD (Manson et al., 1990) and represents body fat calculated from an individual's weight and height.
Methodology and Organization of the Review
In the following sections, we review evidence examining an association between PPWB and cardiovascular health. To this end, we first consider prospective studies investigating the relationship between PPWB and CVD, defined by objective indicators of CHD, stroke, or cardiovascular mortality (see Table 2 ). Because experimental studies are not feasible, prospective studies represent the strongest possible test of the hypothesis that PPWB influences disease rather than vice versa. We examine separately how PPWB is related to CVD incidence (i.e., onset of a first disease-related event in healthy populations) or CVD progression (i.e., recurrence of a disease-related event in patient populations). For disease incidence, we include only those studies that exclude individuals with some form of CVD at the time PPWB is assessed. For disease progression, we include studies regardless of whether they account for disease severity at the time PPWB is assessed but highlight studies that account for baseline disease status because these are the strongest methodologically. In addition, in our review of incident disease, we do not separate studies with fatal versus nonfatal outcomes because these both represent first cardiac events. Similarly, researchers often collapse CHD and stroke outcomes into a broader CVD category, so we do the same here and separate the two only when data are available to do so.
Next, we consider the restorative and deteriorative processes by which PPWB may be associated with CVD: via health behaviors and 
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This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. biological function. We consider behaviors and biological processes that have been identified as relevant for CVD and that have been empirically examined in relation to PPWB. Thus, because the direct relationship between cortisol and risk of CVD is still somewhat unclear (Kubzansky & Adler, 2010) , we do not review evidence of the association between PPWB and cortisol. For similar reasons, we do not consider opioids. In addition, although aldosterone has been identified as a potentially relevant biological marker by which psychosocial factors may influence CVD (Kubzansky & Adler, 2010) , we know of no work to date that has looked at aldosterone in conjunction with a measure of PPWB. We conducted literature searches in the PubMed and PsycINFO databases to identify relevant articles. CVD search terms included variations of CVD, CHD, and stroke. Search terms for health behaviors and biological function included variations of cigarette smoking, alcohol consumption, physical activity or sedentary lifestyle, sleep, nutrition, vitamin consumption, atherosclerosis, calcification, HRV, BP, hypertension, heart rate, fibrinogen, CRP, HbA 1c , cholesterol or lipids, and BMI. PPWB-related search terms included variations of well-being, purpose in life, mastery or control, personal growth, self-acceptance, autonomy, happiness, satisfaction, positive affect/emotion/mood, optimism or hope, and vitality. Well-being constructs that were specific to a single life domain (e.g., job control, marital satisfaction) are often covered in other literatures and are not included here to maintain reasonable limits on the scope of the current review. CVD-related terms and PPWB-related terms were crossed in all searches. Reference lists of obtained articles were also reviewed for additional sources.
We excluded studies if they (a) were not written in English, (b) included only measures of PPWB that overlapped substantially with self-reported health or physical functioning (including physical exhaustion), 4 (c) included only reverse indicators of PPWB (e.g., pessimism) or constructs that reflected varying levels of ill-being, 5 (d) included only PPWB measures related to humor or laughter, 6 (e) included experimental manipulations of state PPWB, 7 (f) included only self-reported measures of disease events or mortality, (g) did not include a relevant disease, behavioral, or biological outcome, (h) included heart transplant patients or a majority of patients with congestive heart failure (or heart failure outcomes), 8 (i) included patients with diseases other than CVD, 9 (j) included the administration of a vaccine or virus and then subsequently measured a biological marker, and (k) included infants or young children.
In addition, for studies with disease-related endpoints, we included only longitudinal designs so that we could make stronger conclusions about causal direction. In contrast, because much of the evidence regarding behaviors and biology is cross-sectional, it would be difficult to evaluate the state of the knowledge if such studies were excluded. 10 Thus, where possible, we describe evidence directly assessing whether PPWB precedes alterations in behaviors and biology but include exemplar cross-sectional studies when longitudinal studies do not exist or findings are mixed. When only cross-sectional studies are described, longitudinal evidence is unavailable. We also note when studies control for potential confounders (e.g., age, education) or ill-being but do not mention covariates when studies do not include them. Finally, we refer to single studies multiple times if they examine several different behavioral or biological outcomes.
To gain greater insight into PPWB's role in cardiovascular health and utilize the greatest amount of information currently available, the review that follows is narrative rather than quantitative. A meta-analysis is not feasible because we consider diverse measures of PPWB in various forms (e.g., continuous versus dichotomous), as well as a diverse set of outcomes. Thus, our goals in this article are to comprehensively review previous work to assess the state of the current research, determine the overall relationship between PPWB and cardiovascular health, evaluate the different theoretical approaches to PPWB (i.e., eudaimonic well-being, hedonic well-being, optimism, and other measures of well-being) for their relevance to cardiovascular health, and discuss methodological challenges and directions for future research (Bem, 1995) .
PPWB and Cardiovascular Health

Disease-Related Endpoints
Healthy populations. Eudaimonic well-being. In the four studies examining the association between eudaimonic well-being and incident CVD, researchers considered two different constructs: mastery and ikigai. Having a sense of mastery or control over one's environment was associated with a reduced risk of CVD in a cohort from the European Prospective Investigation into Cancer (Surtees et al., 2010) . That is, after controlling for traditional risk factors (e.g., demographic, biological, and behavioral factors), as well as major depressive disorder and hostility, individuals with a greater sense of control had a diminished risk of cardiovascular-related death over 11 years.
Three studies investigated the association between ikigai and CVD-related mortality. In general, Japanese people with higher 4 This exclusion criterion refers specifically to studies that used an indicator of quality of life or of health-related quality of life, which are often confounded by physical symptoms or health. One study reported here did use the term quality of life to refer to the constructs of contentment and vitality (Agewall, Wikstrand, & Fagerberg, 1998) , but for greater specificity we described the study in terms of the more precise indicators of contentment and vitality. 5 Bipolar scales (e.g., happy to unhappy) were included and are noted in Table 2 . 6 Some multi-item composites of PPWB included items about laughter or humor; when these were combined with other PPWB items, we reported the findings but recognize that they are a less "pure" measure. 7 We did not review studies that experimentally manipulated positive affect; evaluating whether induced transient states create biological and behavioral alterations similar to enduring dispositions is beyond the scope of this review. 8 We excluded this group of patients because the underlying processes leading to heart failure or transplant may be related to congenital defects or infection, which may differ from the processes leading to CVD. 9 Because diabetes is a strong risk factor for CVD, we included individuals with Type II diabetes (adult onset, noninsulin dependent) in studies of glucose regulation. 10 Prospective designs that control for baseline levels of an outcome are very rare in the behavioral and biological literatures, but we note any longitudinal study that controls for initial levels of an outcome. levels of ikigai were less likely to die from CVD over follow-up periods ranging from 7-13 years than were their counterparts with lower levels of ikigai, and effects were maintained after accounting for traditional risk factors and ill-being (Koizumi, Ito, Kaneko, & Motohashi, 2008; Sone et al., 2008; Tanno et al., 2009) . In one study that followed more than 70,000 Japanese men and women for an average of 12 years, death from CVD was less likely for men who reported having ikigai (hazard ratio [HR] ϭ 0.78, 95% confidence interval [CI] [0.64, 0.96]), relative to those without ikigai (Tanno et al., 2009) . For women, the same association was evident in age-adjusted models, but the effect became slightly attenuated in multivariable models. In another Japanese sample that followed 40,000 men and women for 7 years, individuals without ikigai were at greater risk of death from cardiovascularrelated causes (HR ϭ 1.6, 95% CI [1.2, 2.9]), relative to individuals with ikigai (Sone et al., 2008) . Although some of the ikigai studies reported stronger findings for men versus women or one type of CVD versus another, most of these inconsistencies seem to be related to inadequate power to detect effects. For example, in one study, there were less than 10 cases of women who died from stroke (Koizumi et al., 2008) . Even though ikigai was assessed with a single item across all three studies, it was still consistently related to risk of CVD.
Hedonic well-being. Findings regarding the association between hedonic well-being and cardiovascular events are somewhat less consistent across six total studies but still point to a relationship. One study of nearly 2,500 North American men and women showed that emotional well-being (derived from items on a depression scale) was associated with a 26% reduced risk of stroke 6 years later, 95% CI [0.62, 0.88], even after accounting for traditional risk factors and negative affect (Ostir, Markides, Peek, & Goodwin, 2001) . Similarly, in a study of nearly 8,000 British civil servants, greater life satisfaction was associated with a reduced risk of CHD after accounting for relevant risk factors (Boehm, Peterson, Kivimaki, & Kubzansky, 2011a) . Another study of approximately 88,000 Japanese men and women replicated these results over a median of 12 years (Shirai et al., 2009) . In men, low life enjoyment was associated with an increased risk of nonfatal CVD (HR ϭ 1.23, 95% CI [1.05, 1.44]), and mortality from CVD (HR ϭ 1.61, 95% CI [1.32, 1.96]). These findings-which controlled for cardiovascular risk factors and were slightly attenuated after including perceived stress and Type A traits-did not hold for women, perhaps because case counts were too small.
Three additional studies have considered the relationship between positive affect and CHD. In one, judges assessed the positivity depicted in the faces of 1,700 participants during a structured interview, which served as a non-self-report measure of dispositional positive affect (Davidson, Mostofsky, & Whang, 2010) . Greater displays of positive affect were associated with a 22% reduced risk of CHD up to 10 years later, 95% CI [0.63, 0.96], controlling for major coronary confounders and three measures of ill-being. By contrast, another study showed no relationship between self-reported positive affect and incident CHD over 12 years of follow-up, regardless of which covariates were (or were not) included in the models (Nabi, Kivimaki, De Vogli, Marmot, & Singh-Manoux, 2008) . The null findings in this study are particularly striking given the extensive follow-up period, a sufficient number of cases to detect effects (Ͼ600), and a well-validated measure of well-being (a subscale of the Affect Balance Scale).
One other study has also reported a null association between positive affect and CVD. In the Terman Study of gifted children, parents and/or teachers rated children's cheerfulness in 1922, when children were on average 11 years old (L. R. Martin et al., 2002) . Mortality was assessed in an adult follow-up of these children (from 1950 to 1986) , but mortality due to CVD was not associated with cheerfulness. The weak reliability of the cheerfulness measure (␣ ϭ .52) may be partly responsible for the null findings. However, considering the limited set of studies to date, findings for an association between positive affect and CHD are not entirely consistent.
Optimism and other measures of well-being. Eight total studies have investigated the association between CVD and indicators such as optimism and vitality; all have demonstrated a reduced risk of CVD with greater levels of well-being. For example, more than 1,000 men from the Normative Aging Study were followed an average of 10 years (Kubzansky, Sparrow, Vokonas, & Kawachi, 2001 ). An explanatory style measure of optimism was associated with reduced CHD risk after accounting for typical risk factors (e.g., age, education, alcohol intake, BMI, cholesterol, BP, family history of CHD), and findings were not attenuated after controlling for three measures of ill-being (anxiety, anger/hostility, and depression).
The association between optimism and CHD has been replicated with dispositional optimism measures as well. For example, greater optimism was related to a reduced risk of death from cardiovascular events in elderly Dutch men and women 9 and 15 years later, even when accounting for traditional cardiovascular risk factors and depression (Giltay, Geleijnse, Zitman, Hoekstra, & Schouten, 2004; Giltay, Kamphuis, Kalmijn, Zitman, & Kromhout, 2006) . In a study by Tindle et al. (2009) , nearly 100,000 Black and White women were followed over 8 years. Dispositional optimism was associated with a reduced risk of CVD and CVDrelated mortality, controlling for risk factors and depression. Furthermore, among British men and women followed for an average of 5 person-years, the highest levels of optimism were associated with a reduced risk of CHD, accounting for a wide range of covariates, including ill-being (Boehm, Peterson, Kivimaki, & Kubzansky, 2011b) . Notably, all of these prospective studies of optimism had lengthy follow-up periods, controlled for potential confounders, and with the exception of one (Giltay et al., 2004) , accounted for some form of ill-being such as anxiety, depression, or anger. In all cases, evidence for an association was maintained after adjusting for potential confounders and ill-being. It is also striking how similar the magnitude of the effect was even when different measures of optimism were used, with most studies demonstrating an approximately 50% reduced risk of CVD associated with optimism.
Three other studies investigated the association between vitality and CVD. One study examined emotional vitality in relation to CHD in a nationally representative sample of 6,000 men and women from the National Health and Nutrition Examination Survey (Kubzansky & Thurston, 2007 ). An average of 15 years after baseline, higher levels of vitality were associated with a 20% reduced risk of incident CHD, controlling for traditional cardiovascular risk factors and ill-being. A second study examined the association between emotional vitality and CHD in a sample of British civil servants (Boehm et al., 2011b) . After accounting for conventional risk factors as well as ill-being, the highest levels of emotional vitality were associated with a 28% reduced risk of CHD, 95% CI [0.54, 0.97]. A third study considered vitality in relation to incident CHD and cerebrovascular disease (Richman, Kubzansky, Maselko, Ackerson, & Bauer, 2009) . One year after the initial assessment of vitality, a reduced risk of CHD and cerebrovascular disease was evident for men and women with the greatest vitality. These findings were somewhat attenuated in models that accounted for confounders as well as anger and anxiety.
Summary of disease-related findings in healthy populations. Taken together, studies that investigated the association between PPWB and first occurrences of cardiovascular events demonstrate that PPWB protects against CVD, even when controlling for typical cardiovascular risk factors and ill-being. Findings are strongest with optimism and vitality.
Patient populations. Eudaimonic well-being. Only one study examined the association between eudaimonic well-being and CVD in a patient population. In more than 20,000 participants aged 40 -80 years, a greater sense of control was associated with a reduced risk of cardiovascular mortality 5 years later (Surtees, Wainwright, Luben, Khaw, & Day, 2006) . The association held after controlling for demographics, prevalent disease (e.g., heart attack, stroke, diabetes), smoking, and personality factors like extroversion, neuroticism, and hostility.
Hedonic well-being. Evidence from seven studies tentatively points to an association between hedonic well-being and disease progression. In many of these studies, however, the effects of the absence rather than the presence of hedonic well-being were assessed. For example, men and women with reduced positive affect had an increased risk of all-cause mortality and MI in the 2 years following stent implantation, relative to those with greater positive affect (HR ϭ 2.55, 95% CI [1.46, 4.34]; Denollet et al., 2008) . The analyses, in which severity of disease and other risk factors were controlled for, also suggested that the effect of low positive affect on prognosis was comparable to the effect of having diabetes, a conventional risk factor for CVD.
Two studies examined the association between hedonic wellbeing and death in male and female patients with coronary artery disease. In the first (N ϭ 1,200 ), low levels of positive well-being were associated with an increased risk of cardiac death over a median of 15 years (Barefoot et al., 2000) . The effect remained after controlling for risk factors and disease severity but was attenuated to nonsignificance after adjusting for negative affect. In the second, a similar pattern was evident in 800 cardiac patients. Higher levels of positive emotions were associated with a reduced risk of all-cause mortality over 11 years (HR ϭ 0.88, 95% CI [0.72, 1.07]), controlling for disease severity and risk factors (Brummett et al., 2005) . However, the effect was slightly attenuated when depressive emotions were simultaneously included. Thus, both studies suggest that well-being and ill-being were not completely independent, which may be because the well-being and ill-being items were drawn from a single scale.
In contrast, two other long-term studies showed no relationship between all-cause mortality and hedonic well-being, as assessed with a questionnaire designed especially for cardiac patients. The first study followed 300 angioplasty patients for a median of 10 years. Accounting for disease severity and coronary risk factors, higher levels of well-being were not associated with all-cause mortality (van Domburg, Pedersen, van den Brand, & Erdman, 2001) . The second study followed 500 acute MI patients for a median of 8 years (van der Vlugt et al., 2005) . Well-being was not associated with all-cause mortality on its own, and because no multivariable analyses were conducted, it is unclear whether accounting for disease severity or traditional cardiovascular risk factors would have altered this null relationship.
Additional studies have considered the association between hedonic well-being and other CVD-related outcomes. Among 400 men with treated hypertension, reduced feelings of contentment were associated with a 4% increased risk of stroke, 95% CI [1.01, 1.06], but not MI, after controlling for severity of CVD at baseline (Agewall, Wilkstrand, & Fagerberg, 1998) . In another study among men with hyperlipidemia, diminished satisfaction across a variety of life domains was associated with greater risk of cardiovascular events 3 years later (HR ϭ 2.6, 95% CI [1.1, 5.8]; Einvik, Ekeberg, Klemsdal, Sandvik, & Hjerkinn, 2009 ). This association held after accounting for disease severity, cardiovascular risk factors, and anxiety.
Optimism and other measures of well-being. Four studies investigated optimism or vitality in relation to disease endpoints among patients diagnosed with CVD or undergoing a CVDrelated procedure. Scheier et al. (1989) found that dispositional optimism-assessed 1 day before 51 men were to undergo bypass surgery-was associated with a faster rate of recovery in the short-term, as indicated by medical staff ratings and the patient's ability to walk around the room. The number of complications a patient experienced postsurgery was also investigated but was not associated with optimism. In a different sample of 300 men and women awaiting bypass surgery, high levels of dispositional optimism were associated with a reduced risk of being hospitalized for CHD-related or surgery-related problems 6 months later (odds ratio [OR] ϭ 0.58, 95% CI [0.34, 0.99]; Scheier et al., 1999) . Effects in this latter study remained significant despite accounting for baseline disease severity, cardiovascular risk factors, and depression. In a smaller study of men and women initially admitted to the hospital with a CVD diagnosis, participants' levels of hope were assessed at hospital discharge. Hope was not associated with all-cause mortality or readmission to the hospital over a 90-day follow-up period, but neither disease severity nor other confounders were controlled (Middleton & Byrd, 1996) .
In another study, low levels of vitality were associated with an increased risk of stroke (although not MI) over approximately 6 years of follow-up in a sample of 400 men with treated hypertension (Agewall et al., 1998) . These findings were maintained when accounting for previous history of CVD, as well as other conventional risk factors.
Summary of disease-related findings in patient populations. Although the evidence for a relationship between PPWB and cardiovascular-related outcomes in patient populations is not quite as consistent as it is in healthy populations, the evidence still suggests that PPWB plays a role in the progression of CVD. Findings for optimism are consistent with those found in healthy populations, whereas findings for hedonic well-being are sometimes significantly attenuated when controlling for ill-being, suggesting that hedonic well-being and ill-being may be more closely correlated than are other measures of PPWB in patient populations.
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Health Behaviors
Cigarette smoking.
Eudaimonic well-being.
Most longitudinal studies have shown that eudaimonic well-being is associated with a reduced likelihood of initiating or continuing to smoke. For example, in the 1970 British Cohort study, more than 7,000 British boys and girls reported their locus of control at age 10 years and smoking status 20 years later (Gale, Batty, & Deary, 2008) . A greater internal locus of control was associated with a reduced risk of smoking during adulthood (OR ϭ 0.85, 95% CI [0.81, 0.89]), although findings were attenuated to nonsignificance once gender, childhood intelligence, and socioeconomic status were taken into account. Most cross-sectional studies are consistent with the longitudinal studies, indicating that individuals higher versus lower in eudaimonic well-being are less likely to smoke or be dependent on nicotine (e.g., Konkolÿ Thege, Bachner, Kushnir, & Kopp, 2009 ). However, cross-sectional evidence is weakest for the association between mastery and smoking status, suggesting that mastery may not be as robustly associated with smoking status as other eudaimonic constructs.
Hedonic well-being. Only one longitudinal study has examined positive affect among participants in a smoking cessation treatment program. For each one-unit reduction in positive affect at baseline, participants were 9% less likely to be abstinent 26 weeks after their planned quit date (Leventhal, Ramsey, Brown, La-Chance, & Kahler, 2008) . Analyses controlled for nicotine dependence, number of cigarettes smoked per day, negative affect, and depression. Cross-sectional evidence also generally suggests an inverse association between hedonic well-being and cigarette smoking (e.g., Strine, Chapman, Balluz, Moriarty, & Mokdad, 2008) .
Optimism and other measures of well-being. Longitudinal evidence shows that optimism and vitality are associated with a reduced likelihood of smoking. For example, ethnically diverse adolescents with lower optimism and hope were more likely to smoke 1 year later, controlling for demographics and baseline smoking status (Carvajal, Wiatrek, Evans, Knee, & Nash, 2000) . Moreover, in a trial of more than 1,000 smokers, individuals with increases in vitality over the follow-up were more likely to abstain from tobacco at 24 months (Niemiec, Ryan, Patrick, Deci, & Williams, 2010) . Evidence from numerous cross-sectional studies is consistent with the longitudinal studies (e.g., Steptoe, Wright, Kunz-Ebrecht, & Iliffe, 2006) . Summary of cigarette smoking findings. Despite a limited set of studies, longitudinal evidence suggests an association between PPWB and a reduced risk of smoking, although mixed findings have been reported for eudaimonic well-being. Being a current smoker is also inversely associated with all types of PPWB in cross-sectional studies, although findings appear to be weakest for the eudaimonic construct of mastery.
Moderate alcohol consumption. Eudaimonic well-being. Two cross-sectional studies (but no longitudinal studies) have examined eudaimonic well-being in relation to moderate alcohol consumption. One reported that in age-adjusted analyses, greater mastery was associated with moderate alcohol consumption in more than 2,000 Dutch adults (van Loon, Tijhuis, Surtees, & Ormel, 2001) ; the other reported that mastery was weakly associated with moderate alcohol consump-tion in approximately 5,000 Canadians (Bailis, Segall, Mahon, Chipperfield, & Dunn, 2001) .
Hedonic well-being. Evidence is somewhat mixed for an association between hedonic well-being and moderate alcohol consumption, but no longitudinal evidence is available. For example, among 1,500 older men and women, greater levels of life satisfaction were associated with light to moderate consumption of alcohol, adjusted for age, BMI, exercise, smoking status, and estrogen use among women (A. M. Chan, von Muhlen, Kritz-Silverstein, & Barrett-Connor, 2009) . However, in a study of more than 17,000 college students that controlled for age, gender, and country of origin, life satisfaction was not associated with being a heavy drinker versus a light drinker, a moderate drinker, or a nondrinker (N. Grant, Wardle, & Steptoe, 2009) .
Optimism and other measures of well-being. Cross-sectional (but no longitudinal) studies have reported an association between optimism and moderate alcohol consumption (e.g., Giltay, Geleijnse, Zitman, Buijsse, & Kromhout, 2007) . For example, among healthy men and women aged 65-80 years, high versus low optimism levels were associated with moderate versus low alcohol intake, controlling for demographics, illness, and medications (Steptoe et al., 2006) .
Excessive alcohol consumption. Eudaimonic well-being.
Among longitudinal studies, one was consistent with theoretical predictions, and one reported null findings. In the Amsterdam Growth and Health Study, adolescent self-sufficiency was associated with a reduced consumption of excessive alcohol an average of 14 years later, controlling for gender and age but not ill-being (Twisk, Snel, Kemper, & van Mechelen, 1998) . In a study of Icelandic adolescents, perceived control was not related to heavy alcohol consumption 3 years later, adjusting for demographics and baseline substance use (although sense of control was associated with less risk of heavy drinking in cross-sectional analyses; Adalbjarnardottir & Rafnsson, 2001) . In cross-sectional analyses, eudaimonic well-being is inversely associated with drinking problems generally (e.g., Marsh, Smith, Piek, & Saunders, 2003) , although null findings have been reported for an association between mastery and heavy drinking or alcohol dependence (e.g., Prescott, Neale, Corey, & Kendler, 1997) .
Hedonic well-being. Most longitudinal investigations of the association between PPWB and alcohol consumption examine how alcohol is associated with subsequent PPWB rather than vice versa (e.g., Bogart, Collins, Ellickson, & Klein, 2007 ). An exception comes from Molnar et al. (2009) , who examined the bidirectional relationship between hedonic well-being and alcohol use among nearly 500 freshman college students. Greater satisfaction and positive affect were not associated with frequency and quantity of alcohol intake, frequency of intoxication, or heavy episodic drinking 2 years later, controlling for baseline alcohol use. Findings from cross-sectional studies of hedonic well-being and problem drinking are somewhat mixed and suggest that the relationship may depend on age. Studies with adults or young adolescents show that greater hedonic well-being is inversely associated with alcohol use characterized by binge drinking or dependence (e.g., Zullig, Valois, Huebner, Oeltmann, & Drane, 2001) . In contrast, studies of mostly college students show a positive or null relationship between hedonic well-being and excessive alcohol consumption. Because young adults may consume alcohol for different reasons than other age groups-for example, for celebratory or social reasons (Hussong, Hicks, Levy, & Curran, 2001 )-findings need to be evaluated accordingly.
Optimism and other measures of well-being. Evidence from longitudinal studies of optimism and problem alcohol consumption is mixed. For example, among 54 alcoholic men, the most optimistic were more likely to successfully complete an inpatient aftercare program following 30 days of treatment, accounting for demographics, alcohol history, and daily uplifts and hassles (Strack, Carver, & Blaney, 1987) . However, among more than 300 alcohol-dependent individuals undergoing treatment, baseline optimism was not associated with drinking-related outcomes 15 months later, controlling for baseline drinking characteristics (Litt, Tennen, Kadden, & Affleck, 2001) . In cross-sectional studies, optimism is inversely associated with problematic alcohol use (e.g., Burris, Brechting, Salsman, & Carlson, 2009 ). Thus, optimistic individuals may be less likely to engage in problem drinking, but once treatment is required, optimism may be less relevant.
Summary of alcohol consumption findings.
Among the limited studies considering an association between PPWB and moderate alcohol consumption, evidence is mixed. Of the crosssectional studies, findings are most consistent with optimism and somewhat less consistent for eudaimonic and hedonic well-being. Evidence for an inverse association between PPWB and problem drinking is more consistent across PPWB constructs. A likely moderator of the association is age, so further replication with a range of ages and consumption levels is critical to understanding the association between PPWB and alcohol use.
Physical activity.
Eudaimonic well-being.
Longitudinal studies have mostly reported null associations of eudaimonic well-being with subsequent physical activity (e.g., Williams, Gagne, Mushlin, & Deci, 2005) . For example, in the Amsterdam Growth and Health Study, adolescent self-sufficiency was not associated with activity levels an average of 14 years later, controlling for gender and age but not baseline physical activity (Twisk et al., 1998) . One longitudinal study, however, reported a reduced risk of sedentary behavior among people with greater PPWB followed from ages 10 years to 30 years (the 1970 British cohort study). Each standard deviation increase in childhood locus of control was associated with a 7% reduced risk of a sedentary lifestyle in adulthood, controlling for childhood characteristics (Gale et al., 2008) . In cross-sectional studies, higher levels of eudaimonic well-being are generally associated with more physical activity (e.g., Cotter & Lachman, 2010) .
Hedonic well-being.
Most longitudinal and experimental studies assessing the PPWB-physical activity relationship have considered how physical activity leads to improved PPWB (e.g., Netz, Wu, Becker, & Tenenbaum, 2005) . Only one study has considered whether PPWB leads to more physical activity. Among 2,100 initially inactive but healthy men and women, the happiest men were more likely to engage in physical activity than were their less happy peers an average of 2 years later (Baruth et al., 2011) . Analyses adjusted for gender, age, self-rated health, BMI, and chronic health conditions but were only marginally significant for women. Cross-sectional research also demonstrates a positive association between hedonic well-being and physical activity (e.g., N. Grant et al., 2009; Strine et al., 2008) .
Optimism and other measures of well-being. Some shortterm longitudinal studies with cardiac patients have demonstrated positive associations between optimism and increased physical activity (e.g., I. W. S. Chan, Lai, & Wong, 2006) . For example, in a study of 22 participants in an 18-week cardiac rehabilitation program, dispositional optimism was measured at the start of the program. Higher baseline optimism was associated with increased aerobic capacity at the end of the program, controlling for age and magnitude of goal (Shepperd, Maroto, & Pbert, 1996) . However, findings are not uniform across all studies. In one study that followed patients through a 12-week cardiac rehabilitation program, baseline optimism was not associated with improved oxygen consumption during exercise, controlling for age, gender, neuroticism, and depression (Glazer, Emery, Frid, & Banyasz, 2002) . Cross-sectional studies do generally suggest that greater optimism is associated with more physical activity though (e.g., Giltay et al., 2007) .
Summary of physical activity findings. PPWB and physical activity tend to be associated. However, most studies in this area assessed well-being and physical activity via self-report, which may inflate the strength of the association by shared methods. Moreover, most studies assessed hedonic well-being; fewer studies examined eudaimonic well-being or optimism. Findings seem particularly consistent for hedonic well-being and optimism but somewhat more inconsistent for eudaimonic well-being. Longitudinal and intervention studies hint that PPWB may have long-term implications for physical activity and sedentary behavior, but additional research directly assessing the effect of PPWB on physical activity is needed to determine whether PPWB interventions can alter physical activity.
Sleep quality. Eudaimonic well-being. In the only longitudinal study investigating PPWB and sleep-related outcomes, 115 aging women reported their eudaimonic well-being at baseline and were followed for 8 and 10 years (Phelan, Love, Ryff, Brown, & Heidrich, 2010) . Higher levels of environmental mastery, personal growth, purpose in life, and self-acceptance were associated with a reduced risk of sleep problems at follow-up, accounting for initial sleep quality. Depression was also associated with an increased risk of sleep problems in this study. In cross-sectional studies, individuals with greater eudaimonic well-being also tend to report enhanced sleep quality and fewer sleep problems (e.g., Steptoe, O'Donnell, Marmot, & Wardle, 2008) .
Hedonic well-being. No longitudinal evidence is available, but cross-sectional studies suggest that higher levels of hedonic well-being are associated with better sleep quality. For example, among older individuals, a latent variable comprising life satisfaction, positive affect, and reverse-scored negative affect was inversely associated with sleep problems, controlling for demographic characteristics, comorbid disease, and sedative use (N. A. Hamilton, Gallagher, et al., 2007) . An inverse association for eudaimonic well-being and sleep problems was also reported in this study, but effects for hedonic well-being were stronger.
Optimism and other measures of well-being.
One crosssectional study reported an inverse association between optimism and poor sleep quality among young grandmothers, controlling for demographics and pessimism (Conway, Magai, Springer, & Jones, 2008) .
Summary of sleep quality findings.
Cross-sectional findings suggest that individuals with greater levels of PPWB tend to have better quality sleep, but only one longitudinal investigation (with eudaimonic well-being) can confirm this association. Additional longitudinal research in this area is needed given that perceptions of sleep quality and perceptions of well-being may share a reporting bias.
Adequate sleep quantity. Eudaimonic well-being. Individuals with greater eudaimonic well-being tend to report sufficient sleep quantity, but only crosssectional studies are available. In one cross-sectional study that objectively assessed sleep quantity with an eyelid motion sensor, mastery was associated with longer sleep duration, more time in bed, and less time to the first onset of rapid eye movement sleep (Ryff, Singer, & Love, 2004) .
Hedonic well-being. Cross-sectional studies provide mixed evidence for an association between hedonic well-being and adequate sleep duration. Among ethnically diverse adolescents, happiness was positively associated with more sleep each night and negatively associated with irregular sleep duration (Fuligni & Hardway, 2006) . However, in a study of Canadian college students that controlled for covariates including negative affect and stress, positive affect was not associated with sleep quantity (Galambos, Dalton, & Maggs, 2009) .
Optimism and other measures of well-being.
In a crosssectional study of more than 150 elderly men and women, optimism was positively associated with getting enough sleep, but purpose in life was not (Holahan & Suzuki, 2006) . Similarly, in a cross-sectional sample of children, those who were the most optimistic slept a sufficient amount each night and took less time to fall asleep (Lemola et al., 2010) . These analyses controlled for child gender, age, and BMI, as well as parental education and optimism.
Inadequate or excessive sleep quantity. Eudaimonic well-being. Only one cross-sectional study has examined the association between eudaimonic well-being and deteriorative levels of sleep duration. In approximately 500 adults, inadequate or excessive hours of sleep were associated with lower levels of environmental mastery, personal growth, purpose in life, and self-acceptance (N. A. Hamilton, Nelson, Stevens, & Kitzman, 2007) . These findings mostly held when controlling for demographic characteristics and when excluding depressed individuals from analyses.
Hedonic well-being. Cross-sectional (but no longitudinal) evidence is somewhat mixed regarding hedonic well-being's relationship with too little or too much sleep. For example, adults with low life satisfaction were more likely to report insufficient sleep than were the very satisfied, independent of demographics (Strine et al., 2008) . However, in a sample of adults age 60 years or older, positive affect was not associated with more time awake during the night when assessed objectively with an actigraph but was associated with more time awake during the night when assessed subjectively (McCrae et al., 2008) .
Optimism and other measures of well-being. No studies to date have considered the association between optimism and inadequate or excessive sleep quantity.
Summary of sleep quantity findings. Cross-sectional evidence suggests that PPWB may be positively associated with adequate sleep duration and negatively associated with inadequate or excessive sleep duration. However, findings were somewhat inconsistent, and longitudinal studies are notably lacking.
Food consumption. Eudaimonic well-being. One study followed nearly 400 individuals with chest pain for 3 years . Baseline autonomy was not associated with maintaining a healthy diet or avoiding fatty foods, accounting for initial diet. Similarly, in the Amsterdam Growth and Health Study, adolescent selfsufficiency was not associated with dietary intake 14 years later, although analyses did not account for initial diet (Twisk et al., 1998) . However, one cross-sectional study of Dutch adolescents showed that greater autonomy and self-control were associated with fewer purchases of unhealthy snacks independent of gender (Stok, De Ridder, Adriaanse, & De Wit, 2010) .
Hedonic well-being. Cross-sectional studies (but no longitudinal studies) suggest an association between hedonic well-being and healthy eating behaviors. For example, among more than 17,000 college students across the world, those with the highest versus the lowest levels of satisfaction were more likely to consume fruit and avoid fat (N. Grant et al., 2009) . Results were independent of age, gender, and country of origin.
Optimism and other measures of well-being. Despite somewhat limited evidence, optimism seems to be related to healthier food consumption. Patients undergoing cardiac rehabilitation who were initially optimistic reduced their dietary intake of saturated fat 18 weeks later, accounting for age, initial dietary goal, and depression (Shepperd et al., 1996) . Cross-sectional studies show a similar pattern. For example, among Finnish 31-year-olds, optimistic individuals reported eating more fruits, vegetables, and low-fat dairy products (and fewer sweets; Kelloniemi, Ek, & Laitinen, 2005) . In the same sample, optimistic men reported eating more fiber rich bread, and optimistic women reported eating more fish.
Summary of food consumption findings. Evidence for an association between PPWB and food consumption is generally consistent, particularly in relation to optimism. However, findings vary somewhat depending on which aspect of diet is considered. Moreover, because almost all food-related studies are crosssectional, the causal direction cannot be determined and longitudinal studies are needed to assess the associations more comprehensively.
Biological Function
Atherosclerosis and calcification. Eudaimonic well-being. In the Healthy Women Study (comprising women undergoing menopausal transitions), women with high levels of mastery and life purpose had diminished aortic calcification but not coronary calcification 6 months later, adjusting for smoking status, waist-to-hip ratio, and lipids (Matthews, Owens, Edmundowicz, Lee, & Kuller, 2006) . By contrast, in a cross-sectional study of mastery and coronary atherosclerosis among men and women with suspected coronary artery disease, higher levels of mastery were associated with greater atherosclerosis after controlling for traditional risk factors, hostility, and Type A behavior (T. E. Seeman, 1991) .
Hedonic well-being. In the only study examining hedonic well-being, participants in the Healthy Women Study with greater life satisfaction showed reduced aortic, but not coronary, calcifi-cation 6 months later, controlling for relevant risk factors . Well-being and ill-being measures were considered separately but not simultaneously, and effects of negative factors (e.g., depression, anxiety) tended to be larger than effects of positive factors.
Optimism and other measures of well-being. The Healthy Women Study also reported findings with optimism in two separate longitudinal investigations. Among approximately 200 women, those with the greatest optimism had the slowest rate of carotid atherosclerosis progression 3 years later after controlling for a range of cardiovascular risk factors (Matthews, Räikkönen, Sutton-Tyrrell, & Kuller, 2004) . Depression was not included in models with optimism, although it was not independently associated with carotid atherosclerosis. In another sample of women from the same cohort, optimism was not associated with rate of change in coronary or aortic calcification 6 months later .
Summary of atherosclerosis and calcification findings. Inconsistent evidence exists for an association between PPWB and atherosclerosis or calcification. The majority of findings were based on three PPWB measures assessed in a single cohort of women. Findings differed for each PPWB measure, but intercorrelations were not reported. Other psychosocial factors have demonstrated inconsistent associations with atherosclerosis and calcification (Rozanski et al., 2011) , so additional research is needed before firm conclusions are made.
Autonomic cardiac control. Eudaimonic well-being. No studies to date have considered the association between eudaimonic well-being and autonomic cardiac control.
Hedonic well-being. The association between PPWB and HRV has typically been investigated through mood inductions of hedonic well-being (e.g., Rainville, Bechara, Naqvi, & Damasio, 2006) . Evidence is somewhat mixed for an association between naturally occurring positive mood and HRV. For example, there was no association between happy mood and HRV in an ambulatory monitoring study of 50 female students (Myrtek, Aschenbrenner, & Brugner, 2005) . However, in two studies of patients with suspected or verified coronary artery disease, both demonstrated an association between higher levels of positive affect and increased vagal activity, independent of relevant covariates and, in one case, depression (Bacon et al., 2004; Bhattacharyya, Whitehead, Rakhit, & Steptoe, 2008) . Furthermore, independent of negative affect, trait positive affect among college students was associated with more efficient recovery from stress, as assessed with a ratio of low to high frequency HRV (Papousek et al., 2010) .
Optimism and other measures of well-being.
The crosssectional association between optimism and HRV was examined in nine competitive chess players (Schwarz, Schachinger, Adler, & Goetz, 2003) . After playing a chess game, participants retrospectively assessed whether game transitions were characterized by optimism or hopelessness. Increases in vagal activity were more likely during optimistic transitions; decreases were more likely during hopeless transitions. Although this study is unique in that optimistic moments were examined rather than trait optimism, it hints that optimism may be related to parasympathetic nervous system activation.
Summary of autonomic cardiac control findings. In sum, cross-sectional evidence suggests that higher levels of PPWBspecifically, positive affect and optimism-may be associated with greater parasympathetic control. Longitudinal studies and research regarding the association between eudaimonic well-being and HRV are greatly needed, however.
Cardiovascular function. Eudaimonic well-being. Longitudinal studies have reported mixed findings. In the Amsterdam Growth and Health Study that followed young adolescents into adulthood, baseline selfsufficiency was not associated with subsequent BP, controlling for age, gender, and health behaviors (but not initial BP; Twisk et al., 1998) . However, in the 1970 British Cohort study, each standard deviation increase in childhood internal locus of control was associated with a reduced risk of self-reported hypertension in adulthood (OR ϭ 0.91, 95% CI [0.81, 1.02]), controlling for gender, childhood intelligence, and socioeconomic status (Gale et al., 2008) . In cross-sectional studies, the association between eudaimonic well-being and BP is also inconsistent. For example, in a study of 224 older Blacks and Whites, those with greater versus lesser life purpose exhibited lower sleep-wake mean arterial pressure ratios (a summary measure of BP) when controlling for age, gender, ethnicity, BMI, hypertension, and hostility (Mezick et al., 2010) . However, in a cross-sectional sample of 135 older women, none of Ryff's well-being constructs was related to resting systolic BP (Ryff et al., 2006) .
Hedonic well-being. Pressman and Cohen (2005) reviewed the primarily experimental studies of positive affect and cardiovascular function and concluded that state positive emotions were generally associated with short-term increases in BP but less often associated with changes in heart rate. Notably, those increases in BP were not as large as those for negative emotions, suggesting that state positive affect is associated with attenuated cardiovascular reactivity relative to state negative affect. In the only longitudinal study of its kind, 162 British civil servants rated their happiness over the course of a day. Aggregate happiness was inversely associated with ambulatory systolic BP 3 years later, adjusting for demographics, smoking status, BMI, antihypertensive medication, and ill-being . Some cross-sectional studies have also detected an association between trait hedonic well-being and poor cardiovascular function (e.g., Ostir, Berges, Markides, & Ottenbacher, 2006; Steptoe, Gibson, Hamer, & Wardle, 2007) , although there have been some null findings (e.g., Ryff et al., 2006) .
Optimism and other measures of well-being. Two longitudinal studies have shown an association between hypertension and other measures of well-being. In a study of 1,000 communitydwelling men and women, individuals with the highest versus lowest levels of dispositional hope or curiosity were less likely to develop incident hypertension over a 1 year follow-up when controlling for potential confounders, anger, and anxiety (Richman et al., 2005) . Also, baseline vitality in this sample was associated with a reduced risk of hypertension 1 year later (Richman et al., 2009) . Although findings were somewhat attenuated when controlling for covariates and ill-being, these longitudinal studies indicate that well-being is related to better cardiovascular functioning. Some cross-sectional studies reach similar conclusions (e.g., Räikkönen, Matthews, Flory, & Owens, 1999) , although some null findings have been reported as well (e.g., Räikkönen & Matthews, 2008) .
Summary of cardiovascular function findings. The unique effects of state versus trait measures of well-being are critical to understanding the association between PPWB and cardiovascular functioning. State positive affect may increase cardiovascular reactivity in the short-term, but generally not to the same degree as negative affect. Trait measures of positive affect, however, are commonly associated with lower resting heart rate and BP. Because most findings on trait measures come from cross-sectional designs, it is difficult to assess the causal direction. For eudaimonic well-being and optimism, findings from the cross-sectional research are somewhat mixed. However, for most PPWB constructs, the limited longitudinal research suggests that PPWB may help maintain healthy cardiovascular function over time.
Inflammation and hemostasis. Eudaimonic well-being. Eudaimonic well-being is not consistently associated with inflammation. In a large cross-sectional investigation of Black and White individuals, mastery was not associated with CRP levels (Taylor, Lehman, Kiefe, & Seeman, 2006) . Similarly, a cross-sectional study investigating community relocation in more than 100 elderly women did not show statistically significant associations between IL-6 and Ryff's well-being measures, controlling for demographics, health, behaviors, and depressive symptoms (E. M. Friedman, Hayney, Love, Singer, & Ryff, 2007) . However, environmental mastery and purpose in life were inversely associated with sIL-6r, with the same set of covariates (E. M. Friedman et al., 2007) .
Hedonic well-being. Hedonic well-being and inflammation are somewhat more consistently associated in cross-sectional studies. In one study of British civil servants, low positive affect was associated with higher levels of CRP in women after accounting for demographics, BMI, waist-to-hip ratio, smoking status, employment status, time of waking, and depression (Steptoe, O'Donnell, Badrick, Kumari, & Marmot, 2008) . Greater positive affect also tends to be associated with lower IL-6 levels (e.g., Steptoe, O'Donnell, Badrick, et al., 2008) . For example, trait positive affect was related to lower levels of stimulated IL-6 in adults (Prather, Marsland, Muldoon, & Manuck, 2007) . 11 This association remained when accounting for age, gender, race, BMI, and white blood cell count; moreover, negative affect was not associated with IL-6. In contrast, positive affect was not associated with IL-6 in the relocation study of older women, which accounted for risk factors and depressive symptoms (E. M. Friedman et al., 2007) . Finally, in a study that measured positive affect through ecological momentary assessment, men and women with low versus high positive affect tended to have greater fibrinogen responses to stress, controlling for age, employment, smoking status, BMI, and distress (Steptoe, Wardle, & Marmot, 2005) .
Optimism and other measures of well-being. Only one longitudinal study of optimism has been conducted in which measures of inflammation and endothelial function were obtained repeatedly over time in a sample of men (Ikeda et al., 2011) . In models that adjusted for demographics, behaviors, health status, and depressive symptoms, greater dispositional optimism was associated with lower levels of IL-6, and soluble intercellular adhesion molecule-1 pooled across multiple time points, but not CRP, soluble vascular cell adhesion molecule-1, or soluble tumor necrosis factor receptor. Effects for pessimism were stronger than effects for optimism, and optimism was not associated with rate of change in these markers over time. In cross-sectional analyses within the Multi-Ethnic Study of Atherosclerosis (MESA)-a diverse cohort of nearly 7,000 men and women-greater dispositional optimism was not associated with CRP in analyses adjusted for age, gender, and race (Roy et al., 2010) . However, the most optimistic MESA participants had lower levels of IL-6 after adjusting for age, race, and gender (Roy et al., 2010) . Furthermore, greater optimism in the MESA cohort was related to lower fibrinogen levels independent of age, race, and gender (Roy et al., 2010) . However, these findings did not hold when the optimism subscale rather than the full scale of the Life Orientation Test-Revised was used. Moreover, the hemostasis markers of D-dimer, factor VIII, and plasminantiplasmin were not associated with optimism among MESA participants (Roy et al., 2010) . Finally, in a small cross-sectional study of postmenopausal women, optimism was positively associated with longer telomere length, an indicator of cellular aging (O'Donovan et al., 2009 ). However, when age, caregiver status, and pessimism were controlled, the association did not remain.
Summary of inflammation and hemostasis findings. The small number of studies investigating the association between PPWB and inflammation is suggestive of an inverse relationship. Although findings are promising, most of the work to date is cross-sectional. Findings seem strongest for an association between inflammation and positive affect or optimism, although more research is needed to address the most relevant types of well-being.
Metabolic function. Eudaimonic well-being. Studies show mixed but mostly null findings for a relationship between eudaimonic well-being and HbA 1c (e.g., Bradshaw et al., 2007; Feldman & Steptoe, 2003) . For example, in longitudinal analyses of relocating women, eudaimonic well-being was not associated with HbA 1c 2 years later, controlling for baseline HbA 1c , demographics, health, and negative affect (Tsenkova, Love, Singer, & Ryff, 2007) . In crosssectional analyses with the same cohort, eudaimonic well-being was still not associated with HbA 1c (Ryff et al., 2006) .
Evidence is mixed for an association between eudaimonic wellbeing and lipids. In the longitudinal Amsterdam Growth and Health Study, adolescent self-sufficiency was associated with lower total cholesterol in adult men but not women, after adjusting for lifestyle and biological factors (Twisk et al., 1998) . Selfsufficiency was not associated with HDL cholesterol levels, however. In the cross-sectional study of relocating women, personal growth (but not other measures of eudaimonia) was, as predicted, inversely associated with the ratio of total-to-HDL cholesterol (Ryff et al., 2006) . Personal growth and purpose in life were also positively associated with HDL cholesterol in the same study, but measures of ill-being were not.
Inverse associations between eudaimonic well-being and BMI have been reported in some but not all longitudinal studies. For example, in the 1970 British Cohort study, each standard deviation increase in childhood locus of control was associated with a reduced risk of being overweight (OR ϭ 0.87, 95% CI [0.82, 0.93]) or obese (OR ϭ 0.86, 95% CI [0.78, 0.95]) in adulthood, controlling for childhood intelligence, gender, education, and socioeconomic status (Gale et al., 2008) . However, among 71 female nurses, mastery was not associated with a 12-week change in BMI, although higher mastery was associated with a lower BMI at baseline (Roberts, Troop, Connan, Treasure, & Campbell, 2007) . Most cross-sectional studies have also reported inverse associations between eudaimonic well-being and BMI (e.g., Carr & Friedman, 2005) .
Hedonic well-being. One longitudinal analysis in a study of older women showed that positive affect was related to lower levels of HbA 1c 2 years later, controlling for many covariates including baseline HbA 1c (Tsenkova et al., 2007) . Moreover, when eudaimonic well-being was simultaneously included or negative affect and depression were controlled, the effects of positive affect remained. However, cross-sectional studies have reported null associations between hedonic well-being and HbA 1c (e.g., Paschalides et al., 2004) .
Two cross-sectional studies have examined the association between hedonic well-being and cholesterol. In a study of 20 male Navy trainees, greater happiness was associated with lower levels of total cholesterol over 2 months, without adjustment for other variables (Rahe, Rubin, Gunderson, & Arthur, 1971 ). Among relocating women, positive affect was associated with higher HDL cholesterol, but not the ratio of total-to-HDL cholesterol (Ryff et al., 2006) .
The only longitudinal investigation to test whether life satisfaction predicted weight change occurred among Finnish twin pairs (Korkeila, Kaprio, Rissanen, Koshenvuo, & Sorensen, 1998) . Initially low levels of life satisfaction predicted weight gain 6 years later for older but not younger women (OR ϭ 2.21, 95% CI [1.05, 4.64]). The association was not evident in men but was maintained among older women after controlling for education, dieting, smoking status, alcohol consumption, and pregnancy. Numerous crosssectional studies have also shown an inverse association between hedonic well-being and BMI (e.g., Saloumi & Plourde, 2010) .
Optimism and other measures of well-being. Very limited work has been done to study other measures of well-being and HbA 1c , but optimism was not strongly related to HbA 1c in a cross-sectional study of diabetic African Americans (Brody, Kogan, Murry, Chen, & Brown, 2008 ).
Short-term longitudinal studies provide mixed evidence regarding lipids. For example, in a study of 22 patients undergoing 18 weeks of cardiac rehabilitation, baseline dispositional optimism was not related to total cholesterol, HDL cholesterol, or LDL cholesterol at follow-up, adjusting for age, depression, and other relevant factors (Shepperd et al., 1996) . However, vitality was associated with the prevalence and incidence of high cholesterol over 1 year (Richman et al., 2009) . Compared with individuals with low vitality, those with high vitality had a 43% reduced risk (95% CI [0.43, 0.78]) of having high cholesterol or a 49% reduced risk (95% CI [0.31, 0.82]) of developing high cholesterol over the follow-up. Associations were maintained after controlling for age, marital status, behaviors, anger, and anxiety.
Findings regarding BMI are not entirely consistent based on evidence from relatively short-term longitudinal studies (8 -18 weeks) of participants undergoing cardiac rehabilitation or weight-loss programs. For example, among 22 patients in cardiac rehabilitation, baseline dispositional optimism was associated with reduced body fat (but not weight) at the end of the program (Shepperd et al., 1996) . Findings held after controlling for age, depression, and other relevant factors. In another study of cardiac rehabilitation patients, baseline resilience (optimism, perceived control, self-esteem) was not associated with change in BMI after the program ended (I. W. S. Chan et al., 2006) . However, one cross-sectional study among more than 8,000 Finnish adults showed that more versus less optimistic individuals were likely to have lower BMI, although no demographic or other risk factors were controlled (Kelloniemi et al., 2005) .
Summary of metabolic function findings. The association between PPWB and metabolic function varies by outcome. The limited work regarding the relationship between PPWB and HbA 1c reports mostly null findings for all types of PPWB. More studies have examined the association between PPWB and lipids and provide some evidence for an association between PPWB and cholesterol levels. However, too few studies exist to adequately distinguish between effects of different types of well-being. PPWB tends to be inversely associated with excessive weight, although some cross-sectional studies have not detected an association between PPWB and BMI. This could be due to a nonlinear relationship (i.e., both underweight and overweight or obese individuals may have lower PPWB relative to normal weight individuals). Cross-sectional studies of PPWB and BMI are problematic for establishing a causal direction because obesity may increase the likelihood of psychological distress (Atlantis & Baker, 2008) ; therefore, longitudinal evidence is needed.
Overall Summary
Taken together, evidence indicates that PPWB is related to cardiovascular health (see Table 3 ). Studies of healthy individuals consistently suggest that high levels of PPWB are associated with a reduced risk of incident CVD, even when controlling for traditional risk factors and ill-being. The pattern of findings is similar among studies with patients, despite being a more heterogeneous body of work. Compared with studies with patient populations, those with healthy populations followed participants for longer periods of time, controlled for more comprehensive confounders (including ill-being), and used clinically defined outcomes. By contrast, studies with patient populations considered wide-ranging types of CVD and had varying follow-up periods. Associations for hedonic well-being were sometimes attenuated after accounting for ill-being in patient populations, suggesting that hedonic wellbeing and ill-being may operate on similar pathways among individuals who are already ill. Although unique types of PPWB may be differentially associated with disease onset versus progression, the limited evidence to date does not yet strongly suggest this to be the case. Indeed, across both healthy and patient populations, optimism is the most reliably associated with a reduced risk of cardiac events.
In terms of PPWB's association with behaviors and biology, studies are significantly more limited, and overall findings are less clear. Worth noting is that many findings come from the same small set of studies that considered one or two well-being constructs in relation to an array of outcomes; thus, findings may appear more consistent than if they were derived from a hetero- Well-being and health behaviors are mostly self-reported. Conclusions depend on the specific outcome under consideration (e.g., fruit intake versus fat intake).
Ill-being is not often examined with well-being. Conventional methods for assessing health behaviors may obscure restorative versus deteriorative processes.
Alcohol consumption
Eudaimonic well-being is associated with healthy levels of alcohol consumption, but longitudinal evidence is less consistent. a Hedonic well-being is inconsistently associated with healthy levels of alcohol consumption, but age may be a moderating factor. a Optimism is associated with healthy levels of alcohol consumption but may not be relevant for the treatment of problem drinking. a
Physical activity
Eudaimonic well-being is associated with physical activity, but longitudinal evidence is somewhat less consistent. b
Hedonic well-being is associated with physical activity. a Optimism is associated with physical activity, but evidence from short- geneous set of studies. Findings also appeared to be more consistent in healthy versus patient populations. In fact, many of the studies with patients considered the effects of a well-being intervention on outcomes. Such studies are appealing, particularly in light of the scarcity of longitudinal studies, but effects can be assessed accurately only if well-being is successfully manipulated. It is also possible that the effects of PPWB differ in patient populations-that is, reversing or arresting unhealthy behavioral or biological processes that have already been initiated may be very different from preventing deterioration or promoting restoration. The vast majority of studies regarding health behaviors are cross-sectional. Overall, findings indicate that higher levels of PPWB are positively associated with restorative health behaviors and negatively associated with harmful health behaviors. Evidence suggests that higher levels of PPWB are associated with a reduced risk of smoking. We posited a nonlinear relationship between PPWB and drinking such that light to moderate drinking is related to greater PPWB and abstinence or heavy drinking is related to lower PPWB. Findings were somewhat mixed for an association between moderate alcohol consumption and PPWB but were slightly more consistent for an inverse association between excessive alcohol consumption and PPWB (although the drinking habits of young adults versus older adults may be a critical moderating factor). Physical activity seemed to be associated with greater PPWB. In addition, findings suggest that PPWB is positively associated with restorative sleep processes and negatively associated with deteriorative sleep processes. Finally, PPWB seems to be associated with the consumption of healthier foods; however, findings vary depending on the specific food outcome. Although the association between PPWB and health behavior is almost certainly bidirectional, for the purposes of understanding the role of PPWB in CVD, the most relevant issue is whether PPWB leads to healthy behaviors. Ultimately, so few longitudinal studies have been conducted that conclusions must be made cautiously. Perhaps one of the most striking findings in this review is just how few studies have addressed issues related to the direction of the association between PPWB and health behaviors.
Findings regarding biological function varied depending on the specific biological system under consideration. Again, the vast majority of studies were cross-sectional, making it difficult to assess whether PPWB influences biology or vice versa. Evidence for an inverse association between PPWB and atherosclerotic processes is limited but suggestive. HRV findings are restricted to hedonic well-being and optimism but suggest that enhanced PPWB is associated with greater parasympathetic control. Given the importance of vagal tone for cardiovascular health and selfregulation (Segerstrom & Nes, 2007) , studies of PPWB and autonomic function should be high priority for future work (especially for eudaimonic well-being and optimism, for which studies are nonexistent or very limited). In cross-sectional research on PPWB and other cardiovascular indicators, associations are somewhat inconsistent for eudaimonic well-being and even optimism but are more consistent for trait hedonic well-being. Although state positive affect may be associated with adaptive arousal of the autonomic nervous system in the short term, trait measures of PPWB may be associated with better regulation of the autonomic nervous system in the long term. The limited number of longitudinal studies more consistently showed associations between different aspects of PPWB and cardiac function, suggesting that the endur-ing feelings individuals have toward their life may have implications for improved cardiovascular function.
Limited work has examined the association between PPWB and inflammation, although what exists suggests that hedonic wellbeing and optimism may be more strongly associated with inflammatory markers than with eudaimonic well-being. Moreover, the association between PPWB and metabolic function depends on the biological marker, a somewhat surprising finding given the strong interrelationships between these processes. HbA 1c does not seem to be strongly related to PPWB, whereas lipids and BMI do seem to be related in the expected directions. However, this lack of consistency may be due in part to the relatively few studies looking at these relationships and the heterogeneity of the samples (i.e., healthy and patient populations). In sum, there appears to be an important role for PPWB in cardiovascular health, although the restorative and deteriorative processes underlying the relationship remain understudied.
The Importance of PPWB for Cardiovascular Health
This review is the first of its kind to consider in detail how PPWB-not merely ill-being-plays a role in cardiovascular health. As noted in the introduction, a connection between mental and physical states has long been recognized. However, until recently, the psychological and epidemiological research linking mental and physical states has focused on how ill-being is associated with physical health. Building on prior conceptual and empirical work (e.g., Chida & Steptoe, 2008; Ryff & Singer, 1998; Ryff et al., 2004; Steptoe et al., 2009) , we sought to demonstrate that PPWB is specifically relevant for cardiovascular health. Because not all aspects of well-being may necessarily be salutogenic in relation to cardiovascular health, we also sought to identify whether there are particular facets of PPWB that are most relevant for cardiovascular outcomes. To this end, we distinguished between eudaimonic well-being, hedonic well-being, optimism, and other measures of well-being. Past theory and research has hinted that the conceptual distinction between eudaimonic and hedonic well-being may be important for physical health (e.g., Dockray & Steptoe, 2010; Ryff et al., 2004) , but few investigations of health or CVD have deliberately examined such constructs in the same study (for exceptions, see E. M. Friedman et al., 2007; Ryff et al., 2006; Tsenkova et al., 2007) .
Clearly distinguishing between PPWB constructs may provide greater understanding of what aspects are particularly relevant for cardiovascular health. This may serve not only to enhance understanding of PPWB but also to increase conceptual and mechanistic understanding of how mental and physical health processes interact, to give insight into how to build resilience, and to contribute to the development of more targeted prevention and intervention programs. We recognize that distinct measures of PPWB can be highly correlated and, in some circumstances, one may serve as a proxy for the other (Diener, 2009) . As a result, it may be difficult to disentangle the effects of one from the other. However, we suggest that with careful attention to methods and measures, future work can sufficiently tease apart the relevant factors to understand more clearly their association with cardiovascular health (Gallagher, Lopez, & Preacher, 2009) .
Considering the evidence to date does not permit an easy conclusion with regard to the relative strength of distinct PPWB indicators in relation to all aspects of cardiovascular health. In part, this is because few studies have explicitly tried to compare the effects of different facets of well-being and also because most studies of PPWB and cardiovascular health have been opportunistic (i.e., using whatever measures may be available) rather than using theory-driven, psychometrically sound measures. Moreover, in some domains, there are simply too few studies from which to draw conclusions about the effects of PPWB without trying to specify possible distinctions across different types of PPWB. Thus, we summarize the existing evidence both to determine how promising it may be and to assess the gaps in the literature.
In studies of incident CVD in healthy populations, optimism is most consistently associated with disease outcomes in terms of the magnitude of the effect and independence from conventional risk factors and ill-being. Indicators of eudaimonic well-being were limited to just two constructs-mastery and ikigai. Although the findings for these constructs consistently showed a reduced risk of CVD, no other eudaimonic constructs have been examined, so it is not possible to generalize findings to the multidimensional factor of eudaimonic well-being. The association between hedonic wellbeing and CVD in healthy populations was generally consistent, with one high-quality study reporting null findings but the rest demonstrating an inverse association. In patient populations of secondary cardiac events, only one study reported findings for eudaimonic well-being. Moreover, studies that considered measures of hedonic well-being were somewhat mixed but generally pointed to an inverse association. Similar to the incidence findings, optimism is fairly consistently associated with a reduced risk of secondary cardiac events among patient populations. Taken together, additional studies of eudaimonic well-being and CVD are greatly needed, positive affect and other hedonic constructs show a consistent association with CVD in healthy populations, and optimism is robustly related to better CVD outcomes in both healthy and patient populations.
Given the consistency of findings with optimism and disease endpoints, it is not surprising that optimism was also often reliably associated with healthier behaviors. Hedonic well-being was also associated with health behaviors in the expected directions, but mastery (a eudaimonic construct) demonstrated the most inconsistent associations. However, the evaluation of these studies is severely limited because most were cross-sectional, and hedonic well-being was more frequently assessed than were other types of PPWB. Thus, considering whether (and which aspects of) PPWB actually encourages restorative health behaviors and discourages deteriorative ones is difficult, given the likely bidirectionality of these factors. In fact, the strongest finding from this review is how few studies have purposefully tested this hypothesis, even though it is a commonly cited pathway linking PPWB and health. Additional studies explicitly designed to consider whether distinct types of well-being precede or predict health behaviors are necessary.
Studies of biological function are the most heterogeneous and cannot yet indicate the relative strength of the effects for different aspects of PPWB. The vast majority of this literature focused on hedonic well-being (e.g., no studies have considered the association between eudaimonic well-being and autonomic cardiac control). Hedonic well-being and optimism are more robustly associated with biological function than eudaimonic well-being, although for some biomarkers like HbA 1c no measure of PPWB was strongly related. Eudaimonia, hedonia, optimism, and other measures of wellbeing may not have unique effects on cardiovascular health because they all represent a general tendency to do well and feel well. On the other hand, one might posit that compared with feelings about life (i.e., hedonic well-being), identifying meaningful life pursuits, setting goals, and fulfilling potential (i.e., eudaimonic well-being or optimism) may be more relevant for cardiovascular health because of the importance of behavioral and emotional regulation for maintaining health. Due in part to insufficient empirical evidence, we cannot yet fully evaluate the distinction between PPWB's theoretical approaches. However, this review does highlight nonsubstantive factors that may contribute to the difficulty in discerning distinct relations between aspects of PPWB and cardiovascular health. For example, the exact distinction between eudaimonic and hedonic well-being can be unclear (Kashdan et al., 2008) , and the separation between indicators of PPWB may not be captured by the relatively crude measures that are used in existing studies. In our review, some measures of PPWB combined items or scales reflecting eudaimonia, hedonia, and optimism into a single composite. This was particularly true of studies investigating incident disease because secondary analyses of large data sets were often conducted, and measures of PPWB were derived from existing items. 12 Although we classified measures of PPWB according to their most prominent features, there was undoubtedly ambiguity in some cases.
In more nuanced investigations of PPWB in relation to health, researchers will need to recognize that eudaimonic well-being, hedonic well-being, and optimism likely operate in tandem. That is, hedonic well-being may stem from pursuits related to eudaimonic well-being or optimism (e.g., feeling pleasure after accomplishing a long sought after life goal), hedonic well-being may exist on its own (e.g., savoring a delicious meal in a five-star restaurant), or all types of well-being may be absent (Waterman, 2008) . Indeed, Keyes and Annas (2009) posited that individuals who are flourishing mentally and physically both feel good about their lives (i.e., have high levels of hedonic well-being) and function well in their lives (i.e., have high levels of eudaimonic well-being). By extension, flourishing individuals may also expect good things for their future lives (i.e., have high levels of optimism). Measures of PPWB that are most relevant to cardiovascular health may include multiple aspects of well-being. In fact, it is those measures of PPWB that cannot be easily classified because they include components of eudaimonia and hedonia, like optimism, that most powerfully predict CVD and related outcomes.
Another important consideration of the role of PPWB in cardiovascular health concerns whether PPWB's association is independent from ill-being. As noted earlier, considerable research has documented ill-being's relationship with CVD, health behaviors, and biological function. Given that well-being and ill-being can share an inverse relationship-particularly in the short-term but with increasing independence in the long-term (Diener & Emmons, 1984; Diener, Scollon, & Lucas, 2009 )-it is important to determine whether relationships between PPWB and cardiovascu-lar health merely repeat what is already known. The evidence so far suggests that PPWB may be considered an independent factor, especially among studies of incident disease. That said, it appears that effects for PPWB may not be as strong in magnitude as effects for ill-being for all cardiovascular-related outcomes and for all measures of PPWB. For example, some inflammation studies suggest stronger associations for pessimism than optimism (e.g., Roy et al., 2010) . Although studies of PPWB and CVD are often required to adjust for ill-being to be considered methodologically rigorous, the inverse has not been true for studies of ill-being. Thus, few studies of ill-being have investigated whether effects of ill-being are independent of well-being. Presuming that ill-being is more relevant for cardiovascular health may be premature until more studies consider the effects of ill-being and well-being together. The most complete understanding of the interplay between mental and physical health will come from considering the full spectrum of human functioning and feeling.
Restorative and Deteriorative Processes
Previous work has most often considered how ill-being is associated with the presence of deteriorative processes-for example, how depression is associated with inflammation. When researchers consider the mechanisms by which well-being may influence health, they often posit that well-being protects against the occurrence of deteriorative processes, usually via a stress-buffering model. Thus, PPWB may reduce the intensity or frequency of negative feelings that motivate unhealthy behaviors, that are associated with chronic states of physiological arousal, or that activate neuroendocrine, cardiovascular, and inflammatory systems and other atherogenic processes (Rozanski, Blumenthal, Davidson, Saab, & Kubzansky, 2005) . Our review supports this idea, providing reasonably consistent evidence that PPWB is inversely associated with deteriorative behaviors and biology.
However, health is not merely the absence of deterioration. In fact, prior theorizing on how PPWB is associated with physical health suggests that similar to healthy physiological functioning, flourishing psychological states are likely to be characterized by inherent flexibility and resilience that allow individuals to respond rapidly to environmental challenges and provide reserve capacity for coping ("What Is Health," 2009; J. Seeman, 1989) . This perspective suggests that PPWB may influence cardiovascular health not only by buffering the effects of stress or reducing deteriorative behaviors and biology but also by directly enhancing behavioral and biological functioning. Thus, individuals with high levels of PPWB may have more opportunities for processes that promote rest, restoration, and the capacity to regenerate (Rozanski, 2005; Smith & Baum, 2003) . Positive physiological responses have been linked with adaptive psychological processes and positive traits (Bower, Low, Moskowitz, Sepah, & Epel, 2008) . Other work has shown an increased capacity to mitigate adverse biological reactions (e.g., oxidative stress and cellular damage) with the relaxation response, a technique applied to enhance positive psychological states (Dusek et al., 2008) . Building on this perspective, we posited that PPWB is associated with restorative processes that bolster cardiovascular health. Although work on PPWB and restorative processes is noticeably less abundant than work on deteriorative processes, PPWB generally seems to be positively associated with restorative behaviors and biology.
A simple model of well-being, ill-being, and health might suggest that well-being and ill-being have distinct pathways to disease or even that different types of well-being have distinct healthrelated effects. However, healthy physiological systems are characterized by complexity and redundancy (Goldberger, 1996) , and behaviors occur on a spectrum and respond to a variety of motivational forces. The intricate interplay of these processes in the real world suggests that perfectly distinct mechanisms and effects of different psychological factors may be difficult to achieve. Moreover, the measurement of different aspects of PPWB is not yet differentiated enough to guarantee that constructs do not overlap or share meaningful correlations. Given the intricacy and measurement challenges, the current state of evidence is not far enough advanced to comment on whether the proposed intermediary restorative and deteriorative processes might differ for wellbeing and ill-being or, even more specifically, different constructs of PPWB. However, current evidence can suggest where wellbeing and ill-being may be differentially associated with cardiovascular health, point to important directions for new research, and highlight areas for further exploration that are likely to provide significant insight.
Methodological Challenges
The challenges of the current review stem primarily from the methodological limitations of the reviewed studies. Among studies investigating CVD endpoints, findings that suggest higher PPWB levels are associated with a reduced risk of disease may be subject to alternative explanations (i.e., an unmeasured third variable related to both PPWB and CVD). However, the vast majority of studies with disease endpoints controlled for a wide variety of potential confounders and variables that could be on the pathway between PPWB and CVD. These included demographic factors (e.g., gender, ethnicity), health behaviors (e.g., smoking status, physical activity), biological markers (e.g., BP, cholesterol, BMI), ill-being, and within patient populations, health status (e.g., hypertension and diabetic status, disease severity). Other candidate third variables-for example, a common genetic substrate or combination, or early experiences in utero or immediately postnatal-have been hypothesized but not yet identified in the literature. Thus, although we cannot be fully certain that an unidentified confounder does not exist, it is reassuring that most of the diseaserelated studies reviewed here have reasonably accounted for known third variables.
Another alternative explanation for the association between PPWB and CVD relates to the presence of early, asymptomatic disease. In studies of healthy populations, some individuals within the sample may have an undiagnosed disease such as atherosclerosis. One way to address this issue is by excluding individuals from a healthy cohort if, within several years of the baseline assessment, they are diagnosed with disease. Indeed, several studies reported here did such an analysis, and overall findings were mostly unchanged (e.g., Boehm et al., 2011b; Kubzansky & Thurston, 2007; Shirai et al., 2009; Sone et al., 2008) . Thus, the presence of incipient disease cannot be ruled out, but the chance that it would alter reported findings is small.
Other methodological challenges concern the measurement of PPWB. Many studies described here used single item indicators of PPWB or scales with unknown psychometric properties. Although the analysis of large-scale, secondary data sets sometimes necessitates the use of less than ideal PPWB measures, future research should be purposely designed to consider PPWB with psychometrically sound measures. Also related to the assessment of PPWB is that the majority of studies used self-reported PPWB. Relying exclusively on self-report increases the possibility of social desirability and other response biases. Self-reported well-being is generally consistent with other forms of measurement, but additional research could only be strengthened by diverse modes of assessment (e.g., informant reports, behavioral assessments, coding of facial expressions, evaluation of written text). The use of selfreported PPWB may be less of a concern in this review because except for self-reported health behaviors and BMI, we mostly excluded studies that exclusively investigated self-reported health.
The measurement of PPWB raises several other issues as well. It is unclear what levels of PPWB are required to detect associations with cardiovascular health. That is, are moderate levels of PPWB sufficient? Are high levels or extremely high levels of PPWB even better? There is too little evidence to assess whether a desirable threshold of PPWB exists for cardiovascular health or if the relationship is characterized by a dose-response. Moreover, curvilinear trends in PPWB are rarely examined, although it is plausible that manic states or extremely high levels of PPWB may not foster good outcomes (Oishi, Diener, & Lucas, 2007) . That is, even favorable correlates of positive states and traits may be diminished or become unfavorable at very extreme levels (A. M. Grant & Schwartz, 2011) . This suggests that rather than monotonic effects of PPWB (whereby if some is good, more is even better), nonmonotonic effects-especially in the shape of an inverted U-may be pertinent for the association between PPWB and health-related outcomes (A. M. Grant & Schwartz, 2011) .
In addition, the temporal characteristics of different PPWB indicators varies, which may have implications for associations with cardiovascular health. For example, constructs like purpose in life or optimism are fairly stable and traitlike compared with constructs like positive affect, which may change from minute to minute or day to day. We suspect that enduring (versus momentary) measures of PPWB are most likely to be associated with health outcomes, especially for incident disease. Some researchers have tried to address these concerns by averaging across multiple assessments of positive affect with ecological momentary assessment (Steptoe, O'Donnell, Badrick, et al., 2008; Steptoe, O'Donnell, Marmot, & Wardle, 2008; . Indeed, one study from this group compared the biological correlates of positive affect measured via ecological momentary assessment with the biological correlates of positive affect measured via a one-time self-report (Steptoe et al., 2007) . Associations between positive affect and biological function were stronger when positive affect was assessed via ecological momentary assessment than when it was assessed with traditional methods. Work from other diseases also suggests that repeated measures of positive affect more effectively capture chronic levels of hedonic well-being and more strongly predict health-related outcomes (Moskowitz, 2003) . Thus, unless considering acute exacerbation, enduring measures of PPWB may provide the strongest test of the PPWB-cardiovascular health association.
Furthermore, some indicators of PPWB are bipolar (e.g., endpoints range from very satisfied to very dissatisfied), and some commonly used multi-item PPWB scales include negatively worded items that are reverse-scored. For example, Ryff's eudaimonic well-being scales include negative items (Ryff & Keyes, 1995) , and the full Life Orientation Test includes reverse-scored pessimism items (Scheier, Carver, & Bridges, 1994) . The strongest evidence of an association between PPWB and cardiovascular health may come from scales that are unidimensional and that exclusively contain positive items because including both positive and negative items can make it difficult to determine whether well-being or ill-being is the "active" ingredient. Moreover, including reverse-scored items in scales may create psychometric difficulties like reduced internal consistency and lower item-scale correlations (Carlson et al., 2011) . However, other researchers argue that an item's theoretical basis is more important than its positive or negative valence or that including negative items in a PPWB composite may act like an adjustment for ill-being. Specific examination of these psychometric issues and whether they lead to different conclusions is needed.
Beyond the measurement of PPWB, the measurement of illbeing is also an issue for the current review. What is the most appropriate ill-being construct to measure (and adjust for) in analyses that examine the association between PPWB and cardiovascular health? Diverse measures of ill-being were used in the studies reviewed here, including symptoms of depression or anxiety, mental health problems, stress, general distress, anger, hostility, and pessimism. Although there is no clear theoretical basis for which measure of ill-being should be used, it seems reasonable to control for measures of ill-being that are associated with CVD (e.g., depression, anxiety, anger, hostility; Chida & Steptoe, 2009; Kubzansky et al., 1998; Rugulies, 2002) . Other research also indicates that general negative affect may be as relevant as or more relevant than specific types of negative affect for health outcomes (Suls & Bunde, 2005) . This suggests that selecting a specific type of ill-being to control for may be less critical than including a broad measure of distress. It is also useful to note that when ill-being is assessed in a comparable manner to its well-being counterpart (e.g., the pessimism and optimism subscales of the Life Orientation Test, negative affect and positive affect from the Positive and Negative Affect Schedule) then ill-being and wellbeing may be more highly correlated with one another than if they had been assessed with different scales or with constructs that were not developed as part of a single scale. Controlling for ill-being measures that are strongly correlated with well-being may provide a more rigorous test of the independence of well-being and illbeing.
A prevalent methodological drawback for studies investigating the association of PPWB with behaviors and biology is the use of cross-sectional designs. Although these are useful in the early stages of investigation, research regarding cardiovascular health will now benefit greatly from prospective and experimental studies that can more clearly establish causal relationships. Prospective studies examining whether and how trait levels of PPWB may precede changes in health behaviors and biological function across time would further illuminate the complex association between PPWB and cardiovascular health. Research designs that go beyond mere correlations will also permit the assessment of nonlinear relationships, which may be relevant for PPWB's association with factors such as alcohol consumption.
Another methodological challenge concerns the way in which health behaviors are assessed. Behaviors are sometimes measured with bipolar scales ranging from problematic behavior to good behavior (e.g., sedentary behavior to high levels of physical activity). This makes classification into restorative and deteriorative behaviors difficult and may obscure true relationships with PPWB. It may be the case that PPWB is more closely associated with restorative processes like exercise, whereas ill-being is more closely associated with deteriorative processes like sedentary behavior. Because the absence of one is not equivalent to the presence of the other (e.g., M. T. Hamilton, Hamilton, & Zderic, 2007) , failing to consider both ends of the spectrum leads to an incomplete understanding. However, until more distinct measurements of restorative and deteriorative behaviors are made, conclusions regarding the strength of their association with PPWB are premature.
Finally, we note that publication bias is inherent in a comprehensive review like this one. Studies that report null findings are less likely to be published than are studies that detect an association (Rosenthal, 1991) .
Future Research
This review has highlighted many directions for future research. Chief among these is the need for prospective investigations that consider how initial PPWB is subsequently related to health behaviors and biological function across time. For example, are optimistic adolescents more likely to sleep well as adults? Do happy middle aged adults become older adults who are less likely to develop atherosclerosis? Moreover, future research should maintain a developmental perspective, recognizing that effects of PPWB during one developmental period may differ at another. Using longitudinal investigations at unique points in the lifespan is critical to expanding knowledge about the role of PPWB in cardiovascular health.
Research should continue to explore the promising role of optimism in cardiovascular health. Moreover, work should incorporate eudaimonic well-being measures (which have been infrequently assessed) but also explicitly focus on the distinction between different types of PPWB in relation to cardiovascular health. This would involve including a wide variety of PPWB measures in each study and comparing their effects. Then researchers could determine whether the association between cardiovascular health and eudaimonia, hedonia, and optimism is solely due to overlap between PPWB constructs or unique characteristics of each construct.
Studies that consider the potential stress-buffering effects of PPWB on cardiovascular-related biological function are also needed. Randomized experiments as well as prospective epidemiologic research would have to be designed explicitly with this question in mind. If PPWB does directly alter biological function, additional conceptual and empirical work may be needed to understand if this occurs through other direct biological effects (e.g., increasing endogenous opioids, influencing glucose metabolism) or via stress buffering. If effects primarily occur through the latter, then study designs that explicitly consider potential interactions or effect modifiers will be most informative.
To further address questions about the causal direction of effects, future research should also include clinical trials that seek to enhance PPWB. Although interventions to alleviate ill-being have had mixed results in reducing the risk of CVD (Writing Committee for the ENRICHD Investigators, 2003), there is some evidence to suggest that fostering assets like PPWB may be effective. For example, enhancing PPWB may better equip individuals to deal with challenge, thereby reducing the cardiotoxic effects of stress and improving function across a range of domains . Moreover, initial evidence indicates that certain interventions can increase PPWB (Lyubomirsky, Sheldon, & Schkade, 2005; Seligman, Steen, Park, & Peterson, 2005) . Thus, there is reason to believe that experimental explorations of how to foster PPWB may also have important implications for cardiovascular health (see also Burton, Pakenham, & Brown, 2009; Charlson et al., 2007) . In addition, the distinction between eudaimonia, hedonia, and optimism may be instructive for designing conditions within a clinical trial (Ryan et al., 2008 )-for example, by emphasizing engagement in fulfilling pursuits, savoring pleasant moments, or expressing favorable expectations for the future.
Although this review focused on CVD because it is a leading cause of death worldwide and a well-defined disease with evidence regarding PPWB, many of the conclusions drawn here are applicable to other diseases like cancer. For example, the methodological challenges of assessing PPWB are relevant to all health-related studies that examine positive factors. Moreover, considering the intermediary processes between PPWB and disease as potentially restorative versus deteriorative may help conceptualize underlying pathways to overall health. In fact, our theoretical model highlights the limited attention positive health factors (versus risk factors) have received (Lloyd-Jones et al., 2010) , particularly with regard to biological processes that may actually enhance health. More attention to these processes is greatly needed.
Concluding Remarks
With this review, we sought to understand the association between PPWB and cardiovascular health. By reviewing evidence related to CVD events and mortality, as well as restorative and deteriorative health behaviors and biological function, we conclude that PPWB is clearly associated with cardiovascular health, often over and above the effects of ill-being. Thus, continued investigation of PPWB in the context of cardiovascular health is warranted not only because PPWB is desirable in its own right but also because it has critical implications for both the initiation and progression of CVD and may provide new avenues for intervention and prevention.
